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AUTHOR'S PREFACE 



TO THE FIRST EDITION. 



In the course of the last century several treatises on Carpentry have 
Appeared ; but in none of them is to be found any thing on the mechanical 
principles of the art, except it be a few rules for calculating the strength of 
timber ; and these are founded upon erroneous views of the subject, and 
therefore are not to be relied upon. The greater part of the works on Car- 
pentry are confined almost wholly to what is termed '^ finding the lines ;" a 
branch of science to which the celebrated Monge gave the name of Descrip- 
tive Geometry : and in the works of Mr. P. Nicholson this part of Carpentry 
has been so ably handled, that little more seems required on the subject. 

But the knowledge of practical and descriptive geometry is not the only 
part of science that a carpenter ought to acquire ; for when it is considered 
that the art of Carpentry is directed chiefly to the support of weight or 
pressure, it will be obvious that a considerable knowledge of the principles 
of mechanics is required to practise it with success. And it is not to car- 
penters alone that the study of the mechanical principles of Carpentry should 
be confined ; for, in the modem practice of building, it forms one of the 
most important departments of the science of construction ; and a know- 
ledge of construction is so essential to the art of design, in Architecture, that 
it is difficult to believe how much it has been neglected, and how little it is 
esteemed by the students of that profession. 

It would, however, be easy to shew, that it is as necessary that an archi- 
tect should understand construction, as it is that a painter or a sculptor 
should understand anatomy : in fact, construction is the anatomy of Archi- 
tecture ; it is the very base upon which the art of design must be founded ; 
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and on the nature of the base must depend the excellence of the super- 
structure. So much have the principles of construction been neglected by 
many architects, that all works which require any considerable degree of 
skill in construction are now given to men of a new profession — to Civil 
Engineers. This division of the art might be an advantage, if the objects 
which require such skill were always such as have no pretensions to visible 
beauty : but where beauty and solidity are to be combined, the study of the 
higher branch of Architecture, which consists in the production of visible 
beauty, must necessarily be joined with the study of construction. 

As the mechanical principles of Carpentry have never been published in 
a separate form, I have attempted, in the following pages, to supply that 
defect ; but, sensible of the extensive acquirements that are necessary to do 
justice to such a work, I should not have undertaken the task, had I had a 
hope of seeing it executed by an abler hand. It is much to be regretted that 
works of this kind, like elementary works in science, though they require a 
considerable share of ability to execute them well, are almost always 
neglected by men of superior talent, in favour of more distinguished pursuits. 
But though I feel much diffidence in submitting the result of my labours to 
the public, I also am encouraged by the hope that they will be useful ; and 
that if these labours have not been directed by the profound views of superior 
science, nor elucidated by the elegant and perspicuous language of a scholar, 
at least they have arisen out of a sincere love of knowledge, and have been 
guided by a zealous desire to extend and improve the art of building. 

In the present state of society it is most desirable that stability and eco- 
nomy should characterize the different species of construction. A just 
economy of materials should be one of the first objects of the builder's at- 
tention, and this desirable object is to be obtained only by judicious com- 
binations of the materials to be used : but unless the effect of pressure, and 
the resisting powers of the different materials, be understood, how are such 
combinations to be designed ? It is true that there are men who, without 
education, have done works which are regarded with astonishment, even by 
men of science : such, for instance, was Brindley or Grubenmann. But 
were these men ignorant of mechanics ? or had they by their own mental 
application acquired a knowledge of some of its most useful principles 1 The 
latter is by far the most probable conjecture. 
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It iS) however, wholly unnecessary to advance reasons for adopting 
•correct principles in preference to being guided by opinion, as opinions are 
often hastily formed upon confined or imperfect views of the real nature of 
the subject ; and we can seldom, if ever, refer with any degree of certainty 
to the grounds on which they are founded ; but a maxim drawn from science 
can always be examined, and traced to its origin. 

But science remains a dead letter unless it be applied ** to the business 
and affairs of men ;" on the contrary, when it is applied to the useful arts, it 
extends the views of the artist, substitutes certainty for uncertainty, security 
for insecurity ; it informs him how to raise the greatest works with confi- 
dence, and how to produce stability with economy, or, in its own language, 
how to obtain a maximum of strength with a minimum of materials. 

There is perhaps no class of the mechanical arts so directly capable of 
receiving improvement from the researches of men of science, as those con* 
nected with building ; neither is there any that have received a greater share 
of their attention : but these researches have not benefited practical men in 
proportion to the extent to which they have been made, as they are either 
given in works that are inaccessible to the bulk of men of business, or so 
completely scientific as to be almost useless to any but men of science them- 
selves. It has been my object to make these researches the ground- work of 
a practical treatise. 

But while I most earnestly recommend the study of the principles of 
construction, I must as earnestly protest against its abuse. It is necessary 
that an architect should understand geometry and mechanics, but dangerous 
for him to make either of them a favourite study ; lest, like Father Guarini 
(a Tuscan architect), ^* he trifles with his knowledge/' and employs himself 
*' in inventing grotesque vaultings, and honeycombed cupolas, which have 
neither solidity nor beauty." It should be the architect's care to avoid 
everything of the kind, and to aim at that simplicity of design which is most 
easy in the execution, and forms the most economical and the most durable 
structures. In this consists the true excellence of the art of construction ; 
but I am aware that this kind of excellence seldom secures praise. Men 
are better pleased with apparent artifice, or with a hardiness of design which 
nothing but the most profound ignorance of the art would allow any one to 
venture upon. 
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When science smooths the way, and renders it easy to project and to 
execute any design within the limits that will secure firmness and durabilityi 
wonders disappear, and the greatest works are carried on with confidence, 
and become little different from the common course of business. 

" The Elementary Principles of Carpentry " is a title which includes all 
that is essential to the art : it therefore embraces a wider range than I have 
attempted to fill ; and to avoid promising in a title more than is performed in 
the work, I have omitted the definite article, and made it ^' Elementary 
Principles op Carpentry."* 

I have divided such parts of the elementary principles as form the subject 
of my work into ten sections : on these sections I have a few remarks to 
offer, for which this will be the fittest place. 

The first section is devoted to explaining the nature and laws of pressure, 
with the application of these principles or laws to designing, framing, &c. 

In this section I have attempted to supply only what appeared to be 
actually useful in Carpentry. The subject might have been treated at greater 
length ; but a good treatise on mechanics will answer a better purpose to the 
student; as jointly they would be more complete than either would be 
separately. A system of mechanics is necessary to give the student an 
entire and comprehensive view of the science, as its several parts have a 
mutual influence toward the explanation and proof of each other ; '^ and that 
man is never fit to judge of particular subjects relating to any science who 
has never taken a survey of the whole." 

The second section treats of the resistance of timber ; and in the intro- 
ductory remarks to that section I have endeavoured to point out in what it 
consists ; whence it will appear, that the rules for the resistance to fracture 
do not apply to the general purposes of building, and therefore tables of 
scantlings calculated according to such rules do not agree with those 
required in practice. 

The second section contains the results of many new experiments, both 
on the stifihess and strength of timber. I have preserved specimens of the 



* Lord Eames made a like limitation to his " Elements of GritiGiflm/* which of course suggested 
this. 
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pieces tried ; and, on account of the advantage I have reaped from making 
6uch a collection, I should be glad to find that the same practice is adopted 
by others. I have also been favoured vrith an account of several experiments 
made by Mr. R. Ebbels, together with specimens of the pieces tried. His 
selection of pieces for trial has been made with much judgment. 

The third section is on the construction of floors ; the fourth on roofs ; 
the fifth on domes ; and the sixth on partitions : these are the parts which 
demand the greatest part of the carpenter's attention in house-building ; and 
in each of these sections I have endeavoured to shew the most advantageous 
methods of construction, and have illustrated the same by examples. 

The seventh section is on centres for bridges ; a subject of much im- 
portance, in which some better principles of construction are shewn than 
those hitherto published. 

The eighth section is on wooden bridges : this may appear to be extended 
to a greater length in proportion to its usefulness than was necessary ; and 
yet, when it is considered that there are many situations where bridges are 
wanted, and where bridges of timber might be constructed at a small expense, 
and consequently without going beyond the funds that could be appro- 
priated to such a purpose, a few pages on the subject will not appear to be 
altogether out of place : as 1 think it may be shewn that the first cost and 
subsequent repairs of a wooden bridge would be so small a burden upon the 
community in comparison with the expense of a stone or an iron bridge, that 
the benefit of these useful structures might be extended to situations where 
at present it is unknown. 

In order to prevent repetition, the construction of joints and straps is the 
subject of the ninth section ; treating of them together gives an opportunity 
of comparing the different species of joints, and therefore of unfolding the 
principles of construction in a more distinct and effectual manner. 

In the tenth section the nature and properties of timber are considered. 
In this department of the work I have endeavoured to exhibit a brief but 
comprehensive view of the most useful facts and observations that have been 
made on this important subject. 

Classing the woods may appear to be a refinement not required in a work 
on Carpentry; but it is hoped that the following reasons for introducing it 
will be thought satisfactory. In old. specimens, there are some woods so 

b 
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nearly alike that they are often mistaken by common observers : now as it is 
desirable to know that kind which is most durable, it must be an advantage 
to have some character by which different kinds can be distinguished. For 
under the impression that chesnut was much employed by our ancestors, 
and that it is the durable kind of wood found in old buildings, the growth of 
it has been lately much encouraged. But I have examined many specimens 
of old wood that have been shewn to me as chesnut, and without exception 
they have proved to be of oak. Perhaps a closer investigation may shew that 
the growth of chesnut has been encouraged on very superficial inquiries 
respecting its nature. The character which distinguishes oak from chesnut, 
is the same as that which distinguishes my two classes of woods ; and the 
divisions are also founded on such distinctions as will convey useful infor- 
mation. 

The numerous tables at the end of the work will not form the least useful 
part of it. The tables of scantlings were first calculated for my own use 
some years ago^ and the arrangement is that which I found most convenient. 
They are the first that have been published of the kind, where the calcula- 
tions have been made on the principles of resistance to flexure. 

As tables are limited to particular purposes, and calculation is an irksome 
labour to those who are not accustomed to it, 1 shall notice some of the 
means that may be used to lessen the labour. In the first place, the calcula- 
tions may be much shortened by using a table of the powers and roots of 
numbers. Such as is given in Barlow's Mathematical Tables, a work which 
contains many other very useful tables. Less extensive tables of powers and 
roots are given in Dr. C. Button's Course of Mathematics, vol. i. ; in the first 
volume of the Mathematical Tracts of the same author ; and in Buchanan's 
Essay on the Shafts of Mills. 

Tables of logarithms may be used with much advantage for lessening the 
trouble of calculation ; and it was my intention to have given the rules for 
the logarithmic mode of computation only ; but the application is so easy 
to any one so far conversant with logarithms as to be able to use the tables, 
that to give them according to the common method is perhaps preferable. 

The sliding-rule may also be employed as a means of reducing the labour. 
It is much to be regretted that this useful instrument is not much oftener 
employed in arithmetical operations. The improved, or rather the new 
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sliding^rule of Dr. Roget (see Philosophical Transactions for 1815) is better 
adapted for the operations in many of the rules of this work than the 
common one. But with the common one, and a table of powers and roots, 
many of the operations may be performed by inspection only. 

Convenience of reference is so desirable in a work of this kind, that I 
have employed every means that appeared likely to obtain it. Besides the 
division of the work into sections^ it is also further divided into short articles, 
numbered in a continued series from the beginning to the end. The figures 
on the plates are also numbered in a continued series ; and each figure has 
a reference to the article where it is described, which will often save much 
trouble in finding the description. The table of contents refers to both the 
page and the article ; the index to the page only, as custom has rendered it 
more easy to turn to a subject by means of the number of the page than by 
means of that of the article. 

When any other part in this work is referred to, the reference is given in 
the text between parentheses ; but in referring to other works, the reference 
is given at the foot of the page. Some of my readers may think that so 
many references to different writers might have been dispensed with ; but if 
in any of them it rouses a spirit of inquiry, one good effect that I had in 
view will be obtained. Besides justice demands that the builder should 
know to whom he is indebted for investigating the principles of his art. It 
cannot be altogether uninteresting to any one to know, that Galileo, Mariotte, 
Leibnitz, Euler, Bernoulli, Lagrange, Emerson, Girard, Hutton, Robison, 
Young, and many other celebrated men, have directed their talents to the 
improvement of the principles of building : and in collecting from the rich 
store of materials that are scattered through their works, surely the agreeable 
duty of pointing out the sources will not be denied me ; nor yet will reference 
be objected to, when my own essays are supported by shewing their agree- 
ment virith higher authorities. If 1 have not always noticed where I have 
trodden in the steps of others, it was more from the want of the means than 
from the want of the will. My claims to novelty are few ; as after a little 
research I have often had the mortification to find the ground already 
occupied which once appeared to be my own. 

The tables of specific gravities, at the end of the volume, were collected,and 
the plates were drawn, by my brother, R. Tredgold : the merits or demerits 

62 



Xll PREFACE* 



of the rest of the work are my own. In executing it 1 have laboured under 
many disadvantages : it has been written in the short intervals between the 
houra of business, with very limited means of consulting the works of others^ 
and without the advantage of any other education than that of which my own 
industry has made me master. On these grounds, then, I claim the indulgence 
of the reader ; and 1 hope that, after an impartial review of the whole, he 
will find more to approve than to condemn. 



ADVERTISEMENT TO THE SECOND EDITION 



The call for a new Edition of this Work is a gratifying proof to 
me that I was not mistaken when I thought a Practical and 
Scientific Treatise on the Principles of Carpentry 
would be acceptable to Students in Civil and Naval Architecture, in 
Civil and Military Engineering, &c. &c. : and I have seen with much 
pleasure references made to this Work by the learned Professors of the 
Universities of Edinburgh and St. Andrews, also at the Royal Military 
Academy at Woolwich, in their courses of instruction in Natural 
Philosophy, 

Thus flattered and encouraged in my labours, I have with consi- 
derable exertions made many important additions and improvements 
to this new edition, much of which has been derived from the experi- 
ments and communications of my friends. I have to acknowledge the 
receipt of various specimens of Larch from Scotland, sent to me by 
His Grace the Duke of Athol, who also allowed me to examine his 
Treatise in manuscript on that Timber. Captain Smith of the Royal 
Engineers furnished me with a detailed account of his experiments on 
African woods, which were made for the Board of Ordnance. Mr. 
Deas Thomson, Conunissioner of the Navy, lent me his valuable 
collection of specimens of timber ; Mr. Langton sent me some large 
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pieces of Oak (8 inches X 4 inches) which had been seasoned by his 
process, with specimens of the sap which had been extracted ; Mr. 
Bevan communicated to me various ingenious experiments and 
remarks; and Mr. Renton sent me the results of some important 
experiments on the resistance of wood to crushing. 

To these several gentlemen especially, and to various others, I beg 
to return my best acknowledgments for their friendly aid and important 
scientific communications, by which I trust this edition will be found 
to be much improved and rendered more extensively useful. 

T.T. 



Oetoher, 1828. 



ADVERTISEMENT BY THE EDITOR. 



In presenting this third edition of Tredgold's Elements of Carpen- 
try to the public, perhaps the best recommendation the Editor can give 
of it, is to say, that little alteration has been made in the matter and 
form of the original work ; but additions have been introduced, in the 
form of notes or interposed articles, which it is hoped may render it 
more usefuL The Appendix is, however, entirely new, containing 
additional plates, for which the Editor is indebted to the contributions 
of several scientific friends. These important contributions cannot fail 
of giving great additional value to this new edition of a standard 
work, and of rendering it a useful companion to the Architect and 
Civil Engineer. 

Mr. Weale, the publisher and proprietor of the work, has requested 
the Editor to express also his grateful acknowledgments to the gentie- 
men contributors, for their ready zeal in supplying so many interest- 
ing details, displaying, as they do, a greater variety of examples of 
foreign and English structures, both of ancient and modem date. 

PETER BARLOW. 



A fourth edition of the work having been called for, I have had it care- 
fully read, and have added some valuable additions through the kind zeal of 
Lewis Cubitt, Esq., Architect, and Richard Turner, Esq-, of Dublin, C.E. 

JOHN WEALE. 

Jpril 15, 1853. 
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ELEMENTARY PRINCIPLES 
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CARPENTRY 



INTRODUCTION. 



Aet, l.^CABPENTRY is the art of combining pieces of timber for the 
support of any considerable weight or pressure. 

The theory of carpentry is founded on two distinct branches of mechanical 
science:* the one informs us how strains are propagated through a system of 
framing ; the other, how to proportion the resistance of its parts, so that all may 
be sufGiciently strong to resist the strains to which they are exposed. The one 
determines the stability ofpodtiony the other the stability of resistance. Each of 
these will be considered in the most simple manner the subject admits of, with the 
addition of rules and practical remarks. 

Timber is wrought into various forms according to the principles of geometry; 
and these forms are to be preserved in their original shape only by adjusting the 
stress and strain according to the laws of mechanics. Hence the importance of 
studying both these sciences is evident, and particularly the latter ; for unless the 
stress and strain be accurately adjusted, the most careful attention to geometrical 
rules, and the most skilful workmanship, will be exerted in vain. If, for instance, 
the centre of an arch were to be drawn and worked ever so truly to the curve 
required, what would it avail if the centre changed its form with every course of 
stone laid upon it P And it must be remarked, that this is not an imaginary case, 
but one that has frequently happened; and not only to men ignorant of mechanics, 
but also to some of the most celebrated engineers that France ever produced. 

The engineers of our own country have been more successful, having succeeded 
in gradually introducing a better principle of constructing centres, than our neigh- 

* " Which," says Robison, *' makes carpentry a liberal art, constitutes part of the learning of the 
Enginkbr, and distinguishes him from the workman.*' (Mechan. Phil. vol. i. p. 497.) 
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2 INTRODUCTION. 

hours. The greatest defect of the English centres is now an excess of strength, 
which on principles of economy it would he desirahle to avoid in erections for 
temporary purposes. 

2. — ^The stability of position is determined by that part of mechanical science 
which treats of the pressure and equilibrium of bodies. Its application to the 
carpenter's purposes has been effected in the most clear, simple, and useful 
manner, by Professor Eobison, in the articles Roof and Carpentrt, in the 
Encyclopaedia Britannica, in the Supplement to that valuable work. To the 
latter article, in particular, I am indebted for suggesting the mode of treating 
the first section. But though Professor Robison treated the subject in the 
most popular and simple manner, the greater part of the principles and the rules 
of his articles had been investigated before by Emerson, in his Mechanics^ Fluxions^ 
Algebra^ and Miscellanies. 

3. — ^The stability of resistance is determined by that part of mechanical 
science which treats of the resistance of solid bodies. And notwithstanding the 
valuable accessions which the theory of Carpentry had received from the labours 
of Emerson, and the excellent articles by Professor Robison, the carpenter was 
not able to reap much benefit from them, till the importance of the laws of flexure 
was more fully developed by Dr. Thomas Young, in his Lectures on Natv/ral Phi- 
losophy. It is true that some of the continental mathematicians had been occupied 
before in researches relative to the flexure of columns; but their method is 
embarrassed with so many difficulties, and so intricate in itself, that human care 
was scarcely capable of preventing errors from creeping into their investigations. 

By adopting a more simple and elegant method. Dr. Young has established 
many important principles relating to the flexure of bodies, and determined that 
principle which limits the stress to which materials should be exposed. But still 
something more simple appeared to be wanted for the carpenter's purposes ; a work 
which, without aiming at refined mathematical demonstration, should indicate the 
sources from whence its rules may be derived, and adapt them to practice. Such 
a work I hope this will be found ; at the same time, from its being confined to 
subjects connected with Carpentry, the same information may be gained at less 
expense than from books where the subject of Carpentry is only treated of in as far 
as it is connected with philosophy and science. 
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SECTION I. 



OF THE EQUILIBRIUM AND PRESSURE OF BEAMS, OR THE 

STABILITY OF POSITION. 

4. — It is through a knowledge of the composition and resolution of forces 
alone that the carpenter can expect to arrive at excellence in the art of designing 
frames of timber, for the purposes of building, for machines, and other uses ; as 
without this knowledge it would be impossible for him to understand clearly what 
is to be aimed at in such designs ; or even to know whether a design of his own 
would answer its intended purpose or not. 

The first step towards obtaining this knowledge, is that of acquiring just 
notions of the action of forces. 

6. — A heavy body always exerts a force equal to its own weight, in a vertical 
direction ; and would always descend in a vertical line, if not prevented from fol- 
lowing that direction by some other force : and its force is always the same as if it 
were collected in, and acting in, that line. 

6. — But when a heavy body W {Plate LJig- 1) is sustained by two beams, 
AC and BC, its effects on these beams depend on their position ; the further the 
ends A and B are set apart, the greater will be the strains on the beams ; and the 
contrary. Here it is obvious that the weight resolves itself into two forces, one in 
the direction of each beam. 

We may now proceed to explain what is meant by the composition and resolution 
of forces. 



OF THE COMPOSITION AND BESOLUTION OF FORCES. 

7. — The resolution of forces consists in finding two or more forces, which, 
acting in any different directions, shall balance or have the same effect as any 
given single force. Thus the weight W ( fig. 1) might be sustained by a vertical 

B 2 
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a 

force in the direction of cC equal to the weight; and this vertical force, it is 
obvious, may be resolved into two forces, in the directions of the beams, that would 
produce exactly the same effect as the vertical force Cc, . 

8. — The composition of forces consists in finding one force that shall produce 
the same eflFect as two or more forces acting in different directions. This is nothing 
more than the reverse of the resolution of forces, and may be accomplished in a 
similar manner. 

9.— If a vertical line Ct? {fig. 1) be drawn through the centre of the weight, and 
a c be drawn parallel to the beam AC ; also h c parallel to BO ; then, the relations 
between the weight and the pressures wiU be found by the following proportions : 

As the line Cc, 

Is to the line Gh ; 

So is the weight W, 

To the pressure in the direction of the beam AC. 
Also, As the line C^, 

Is to the line Ga ; 

So is the weight W, 

To the pressure in the direction of the beam C B. 
To those who are acquainted with the principles of mechanics, the truth of the 
principle from which these proportions are derived requires no iUustration ; but 
such as have not had the advantage of that branch of learning, may, by having re- 
course to the following simple experiment, not only satisfy themselves of its truth, 
but also render themselves more familiar with the nature of forces.* 

10. — Let a thread or fine line be passed over the pulleys B and C {fig. 2), and 
let a known weight be attached to each end of the line, as at b and c ; also let 
another thread be knotted to the first one at any point A, and attach a known 
weight to the end W. Then, if the sum of the weights b and c be greater than the 
single weight W, there is a certain position in which the assemblage will be at 
rest ; and if it be deranged by pulling at any of the weights, it will return of itself 
to the same position when left at liberty. Therefore, in that position, and in that 
position only, the weights will balance one another, or be in equilibrio. Now if 
the positions of the threads, when the weights balance each other, were drawn upon 
paper ; and, from a scale of equal parts, AF were made equal to the number of 
pounds in the weight W, and the line BA were continued to E, and the line FE 
drawn parallel to AC ; then EE measured by the same scale of equal parts would 

* The reader who wishes -to have more scientific information on the subject may refer to Gregory's 
Mechanics, vol. i. chap, ii.; to Dr. Jackson's Theoretical Mechanics (Edinburgh, 1827): he may also con- 
sult Marat's Mechanics, book i. sect. 1 ; Wood's Mechanics, sect. 3 ; or Whewell's Mechanics, chap« ii.^ 
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shew the number of pounds' weight of the body c ; also the measure of the line 
AE would be equal to the number of pounds' weight in the body ft.* 

If the three weights be equal, then the three lines, AF, PE, and AE will be 
equal, and the angles formed by the threads round the knot will be equal. 

11. — ^And, universally, whenever the directions of three forces are in the same 
plane, and meet in a point, and are in equilibrio, those forces will be represented 
in magnitude by the three sides of a triangle drawn parallel to the directions of the 
forces. 

12. — Consequently, if a body be kept at rest by three forces, and any two of 
them be represented in magnitude and direction by two sides of a triangle, the 
third side taken in order will represent the magnitude and direction of the other 
force. 

13. — Also, because the sides of triangles are as the sines of the opposite angles, 
it follows, that when three forces keep a body in equilibrio, each force is propor- 
tional to the sine of the angle made by the directions of the other two. Thus, the 
weight W {fig^ 2) is to the weight ft, us the sine of the angle AEE to the sine of 
the angle AEE, &c. 

It may, however, be observed, that the designs of framing are drawn on paper 
to a scale ; hence the proportions of the forces may always be obtained immediately 
firom the figure without the trouble of calculation, and the values of the forces so 
obtained will be accurate enough for any practical purpose. This method is there- 
fore adopted, whenever it is found most convenient, in the following pages. 

14. — Again, considering the combination of force in fig. 1 ; let the vertical line 
Cc be drawn, and by a scale of equal parts make Qc equal to the number of pounds, 
hundred- weights, or tons, contained in the weight W. Then draw c ft parallel to 
EC, and c a parallel to AC ; and Cft, measured from the same scale, will shew the 
number of pounds, hundred- weights, or tons, by which the beam CA is strained ; 
and, in like manner, Ca will be the measure of the strain on the beam CB, in 
pounds, hundred-weights, or tons. The pressure is not altered by making the 
beams longer or shorter, so long as their positions remain the same ; but the 
power of a beam to resist pressure is much lessened by increasing its length : the 
effect of this power, however, must be treated of in another part of this work. 
(See Section II. Art. 125.) Only here it may be remarked, that when one beam 
is much longer than another, in a system of framing, the position of the line of 

* Professor Leslie has given an excellent popular illustration, by supposing the threads to act on light 
spiral springs adapted to measure the forces, and commonly called spring steelyards ; but, as he acknowledges^ 
pulleys and weights have some advantages. (Elements of Natural Philosophy, vol. i. p. 38.) By reversing 
the action of the springs, they might be appUed with much advantage to shew the relations of compressing 
forces, by lecturers on mechanical science. 
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direction of the weight will vary a little from its intended position ; because a beam 
of ten feet in length will compress twice as much as one that is only five feet long, 
which must cause a corresponding change in the directions of the forces. Also, if 
a beam that has to sustain a pressure in the direction of its length be joined in 
several places, it will yield more than one of the same length that has no other 
joints than those at its ends ; and the yielding will be nearly in proportion to the 
number of joints, supposing them all to be equally well made; for it is impossible 
to make a joint that will not yield in some degree. 

Changes of form in an assemblage or system of framing, almost always increase the 
effect of the weight, and often produce cross-strains that are attended with the worst 
consequences, when such changes are not foreseen, and provided for accordingly.* 

14 a. — The place of either of the beams may be supplied by two other beams 
applied in the same plane, and jointly bearing the same pressure as the beam they 
replace. Hence, by taking the pressure in the direction of the single beam as the 
force to be sustained, the pressures in the directions of the two which replace it, 
may be found by constructing the triangle of forces as already described : and, in 
this manner, the supports of a load may be resolved into any number of parts 
acting in different directions, but in directions meeting in the same point : also 
the effect on each may be measured by resolving any single pressure into two parts 
in the same plane. 

14 h. — If the feet of three or more beams be placed in a circle, and inclined to 
a vertical line passing through its centre, so as to support a tower or other load, 
when the beams are equidistant the stress will be equally divided among the beams : 
and if the load be divided by half the number of beams, and this be considered 
the load supported by two beams, drawn opposite to one another at the same incli- 
nation, the stress in the direction of the beams may be found. It is not possible 
for the beams to be opposite when the number is odd, but the above construction 
gives the stress whether their actual places be opposite or not. 



OF THE EFFECT OF POSITION. 



15. — If the position of the beam CB {Jig, 1) were changed to that shewn by 
the dotted lines CE, the magnitude of the strain would be prodigiously increased 
on both beams. By drawing lines parallel to the beams in this position, express- 
ing the w^eight by the line Cc the same as before, the pressure on the beam in the 

* That is, provided for by making each compressed member a little longer, and each stretched member a 
little shorter, than in the drawn design ; the drawing being always to be regarded as representing the ultimate 
form of the structure, after all yieldingor change from compression and stretching shall have been completed. Ed. 
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position CE will now be measured by the line Cd instead of Ca, being obviously 
much increased ; while the strain on the beam CA will be nearly doubled, being 
represented by the line Ce. 

Hence it appears that enormous strains may be produced by a comparatively 
small weight, merely by altering the position of the supports. The reader will do 
well to consider these changes with attention, and to draw figures in different 
positions, estimating the pressures according to each position ; which will render 
his mind familiar with the subject ; and enable him, in practice, to form accurate 
notions of the magnitudes of pressures, without the labour of calculation. 



TO MEASURE THE STRAINS IN A FRAMED TRUSS. 

16. — If, instead of placing the weight on the point where the beams meet, the 
beams were framed into a piece of timber CE (fig. 3), and the weight W suspended 
at E ; the pressures would still be propagated in the same manner, and would be 
found by the same means ; that is, if Gc represent the weight, Cb wiU be the 
pressure in the direction of the beam CA, and Ca the pressure in the direction of 
the beam CB. 

In this case CE performs the office of the king-post in a roof. 

17. — Hitherto the ends of the beams, marked A and B, in^^. 1 and 3, have 
been considered to be supported by an immoveable obstacle ; but when there are 
no such obstacles, they obviously have a tendency to spread ; therefore they might 
be connected by a rope, a rod of iron, or another beam ; which would answer a 
purpose nearly similar to the tie-beam of a roof. It is not quite the same, because 
in modern buildings a tie-beam has in general to support a ceiling, which a rope 
or rod of iron would not be sufficient to do. 

Let fig. 4 represent an assemblage of this kind, where AB is the tie to prevent 
the lower ends of the beams AC and CB from spreading. This form is similar to 
the truss of a roof. 

The strain on the tie AB may be found by drawing bf parallel to the tie AB ; 
then, if Cb represent the pounds or tons with which AC is pressed (found by 
Art. 14), &/, measured from the same scale of equal parts, will be equal to the 
strain in the direction of the length of the beam or tie AB in pounds or tons. 
And the equal and opposite strain at B will be measured by e a. 

17 a.— If the load, and therefore the king-post, be in the middle of the span, 
the pressures on the walls will be equal ; but when out of the middle, the pres- 
sures will be unequal, and the point / divides the line Co into two parts, which 
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are proportional to the pressures ; 0/ being the pressure on the wall at A, and/<? 
or Ce the pressure on it at B, when Co is the whole weight. 

17 J. — Where there is a want of height, or where the weight is distributed 
over a considerable part of the span, the truss may be of the form shewn in the 
annexed figure. The stress at and D should be equal when the parts of 
the truss are alike ; but should the centre of the load not correspond with the 
centre of the opening, then, from a point in the vertical line corresponding to the 
centre of the load, draw lines to the supporting points in a convenient direction 
for the supports, and Cd will be the length of the beam to insert between the 
upright pieces OE, df, commonly called queen-posts. 




In feither case the stress on each piece may be measured by setting off Cc equal 
to the pressure on the point C, and from c draw lines parallel to the pieces AC and 
CD ; then Cb represents the stress on AC, and Ca the stress on CD. If the parts 
of the truss be dissimilar, the whole weight should be represented by Cg ; and draw 
h g parallel to c? B ; the line h g then represents the stress on d B, the other forces 
being as before. 



OF FRAMED LEVERS. 



18. — Let fig. 4, ^late I. be inverted, and supported at C, as represented in 
fig. 5; and a weight hung at each end, so as to balance one another; then the 
proportion of the strains would remain precisely the same : and it shews how 
a powerful lever may be framed, and also makes us acquainted with the nature of 
the strains produced in a solid beam, when it performs the office of a lever. The 
tie AB is in a state of tension, the beams AC and BC are compressed : in a solid 
beam the same thing takes place ; the side next the support is always compressed, 
and the opposite side is always in a state of tension. Thus we see the same 
general principle regulates the equilibrium of matter in all cases, and that all forces 
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act by the same laws; which naturally leads us to admire the wisdom of our 
Creator, who has, by the same simple, and yet general property of forces, accom- 
plished such a wonderful series of effects. 

It may be observed, that when the frame is inverted, as in fig. 5, and the tie 
AB is perfectly straight, there is no strain on the piece OE. But if the tie were 
of the form shewn by the dotted line A^rB, then the piece ^EC would be com* 
pressed ; and, on the contrary, if the tie were of the form represented by the dotted 
line AXBy the piece hG would be in a state of tension, or drawn in direction of its 
length. It is the same with a solid beam ; as when it becomes bent in any con- 
siderable degree new forces are called into action, and it always bends considerably 
before breaking ; consequently, rules that do not include the effect of the forces 
that are brought into action, by the bending of a beam, cannot perfectly agree 
with experiments. The investigation of the stiffness of beams, which is the most 
useful to the carpenter, being confined to the first degrees of flexure, is not liable 
to this objection. (See Section II.) 

18 a. — Framed levers have been formed in various ways. Mr. Watt con- 
structed them with a continued tie bar ACDB, kept at a distance from the centre 
by two struts, as shewn in the annexed ^5^. 2; and the construction employed by 
Mr. Homblower is similar in principle {fig. 3) ; these were used for the levers qf 
single-acting steam engines. 




If Qc be the weight to be raised by the end A of either beam, we have Cft for 
the stress on AC ; Ce for that on CD ; Gd for that on the strut ; and b c for the 
stress on AB : the two former are tensile, the latter two are compressive. In the 
lever of a double-acting engine the same parts are alternately extended and com- 
pressed, and consequently must be adapted to resist either strain. 



EFFECT OF POSITION FTTETHER OONSIDBBED, 



19. — ^To take another example: l^i fig. 6, Plate I. represent a frame fixed 
against a wall, and let the weight be suspended from the point 0, where the beams 
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OA and CB join. In this assemblage, the beam AC will be stretched, and the 
beam CB will be compressed ; or in other words, AC will act as a tie, and CB as 
a strut. 

To estimate the amount of these forces, draw the line Cc in the direction in 
which the weight would move if left at liberty, that is, in a vertical direction ; 
then, from a scale of equal parts, set off Co equal to the weight in pounds ; from 
c, draw c b parallel to CA, and Cb will represent the force pressing on the beam 
CB ; also, c b or Ca will represent that stretching CA, which being each measured 
by the scale will give the values of these strains in pounds. 

If the position of the beams in^g. 6 were changed to that shown in fig. 7, the 
beam BC would still act as a strut ; that is, the weight would have a tendency to 
compress it : this is evident, because, notwithstanding its inclined position, its 
place could not be supplied by a rope, which would be the case if it were only 
stretched. 

In Jig. 8, AC is in a state of tension, and its place might be supplied by a rope, 
though it appears from its position to act as a strut. In either of these cases the 
magnitudes of the strains are to be estimated as in Jig. 6. As the line represent- 
ing the weight is the same in each, by comparing these figures it will be seen how 
much the pressures are increased by altermg the position of the beams. The 
strains are obviously the least in the arrangement in^^. 6. Also, referring to the 
frame ^^. 5, it will be found that a tie following the line A^rB, will support the 
weights with less strain on the parts of the truss than the straight tie AB ; and the 
higher the point g is, the less the strain will be : this is equally true of the truss 
when inverted, 

20. — The last three figures are each similar to the jib of a crane, but the strain 
upon the jib of a crane is very different : this difference I will endeavour to explain, 
and in so doing, will point out some principles that ought to be attended to in the 
construction of jibs. 

Let DCE represent the rope by which the weight is raised {fig. 9) passing over 
a pulley at C ; it is clear that the strain in the direction CD is equal to strain in 
the direction CE ; but in each of the cases represented in fig. 6, 7, and 8, the 
strain was in the direction CE only. 

Now if we make CE equal to CD ; and draw BE parallel to DC, cutting the 
line DB in B ; then, joining BC, we have a direction of a beam that would sustain 
the forces in the directions DC and EC : and the beam placed in the direction BC 
would sustain the whole effect of the strains with the least force possible ; only 
requiring a piece AC to steady it. 

But when the beam BC is placed in any other position than that found by con- 
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structing a parallelogram of equal sides on the directions of the ropes, the effect of 
the straining forces will be increased : and will vary according to the position of 
the sustaining beams. For example ; let the beam BC be removed to the position 
shewn by the dotted lines BiC Then both AC and BiC will be in a state of 
compression. Let the vertical Ca represent the weight W ; then Cb will represent 
the force in the direction of the beam in the position CBi ; and b c, that com- 
pressing the beam AC ; from which the equivalents of these forces in pounds or 
other weights may be ascertained. 

Again: suppose the beam BC to be removed to the position shewn by the 
dotted lines B2C, instead of BiC ; then it would be compressed, and the strain 
nearly doubled ; while the beam AC would be in a state of tension, under a con- 
siderable strain. This is of aU others the most defective form for a crane jib ; yet 
it is that which is most commonly used. When Ca represents the weight W, Ce 
represents the pressure on the beam B2C ; and c e the tension on the beam AC ; 
and being compared with the same line to represent the weight, in each case we 
see how devoid of principle the usual methods of construction are, as well as the 
obvious means of improvement. 

21. — The beam BC, in the jib of a crane, is called the spur; and its position so 
that it shall be the best adapted for the purpose appears to be, to place it a little 
below the diagonal of a parallelogram of equal sides, constructed on the directions 
of the ropes. This diagonal may be found as follows : Let DF be the shaft (Jig. 10, 
Plate II.) and DC, CE, the directions of the ropes for raising the weights. Make 
CA equal to CG ; and draw BG parallel to AC, and AB parallel to CG ; then join 
CB, and it wiU be the diagonal required. Then, placing the foot of the spur a 
little lower than the point F, where the diagonal cuts the line of the shaft, this 
will cause both the spur and head-piece to be compressed, and produces the 
strongest arrangement, and one that will move more steadily than any other. 

It is scarcely necessary to state, that in all these cases the beams have been 
supposed to be capable of motion at the joints, or points of connection ; as all the 
firmness that can be given at the joints is so very small in heavy framing, that its 
eflfect, in all cases where calculation is necessary, may be left out of the question. 
The methods of connecting or joining framing will be considered in a separate 
section. (See Sect. IX.) 



c 2 
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TO DISTINGUISH TIES FROM STRUTS. 

22. — It is necessary, in designing the construction, as well as in estimating the 
strength of framing, that we should be able to distinguish the struts from the ties ; 
that is, to ascertain which of the beams are compressed, and which of them are 
stretched ; for ties must be either continuous or connected by straps, but struts 
may be in short lengths. By attending to the following considerations, this may 
be easily determined. From the point on which the straining force acts, draw a 
line in the direction the force would move in, if the framing were removed. Then 
when this line falls within the angle formed by the pieces strained, both pieces are 
compressed ; but when it falls within the angle formed by producing the directions 
of the sustaining pieces, then both the pieces are in a state of tension. 

23. — ^The following method is a more general one, and includes the case just 
stated.* Let a parallelogram be constructed, on the direction of the straining force 
as a diagonal ; the sides of the parallelogram being parallel to the sustaining forces ; 
then, let the other diagonal of the parallelogram be drawn ; and, parallel to it, draw 
a line through the point where the directions of the forces meet. Consider towards 
which side of this line the straining force would move if left at liberty ; and all 
supports on that side will be in a state of compression, and all those on the other 
side will be in a state of tension. 

The same thing would be true of a plane passing through the point where the 

forces meet, when three or more forces meet that are not in the same plane ; but 

such cases are of rare occurrence ; therefore, I shall only consider the examples in 

jig^ 8, 6, and 7, l?late I., which will enable the reader to apply the method to all 

cases where the sustaining forces are in the same plane. 

In^^. 3, 6, 7, and 8, ^late I., Oc is the direction of the straining force, on 
which as a diagonal the parallelogram Q,hca is drawn, the sides of it being parallel 
to the resisting or sustaining beams : join h a, and draw the dotted line e 4 parallel 
to & a in each figure ; then in^g-. 3, the straining force would move towards E, if 
left at liberty ; therefore both the beams are compressed, being both on that side 
of the line e 4. 

In^g. 6, 7, and 8, only the lower sustaining beams are compressed ; the upper 

* It has been supposed that this method is copied, but it is not, and to the best of mj knowledge has 
not been anticipated. Dr. Robison's is more complex, and less definite. (Mechan. Phil. vol. i. p. 504.) 
Dr. Young has given a greater degree of accuracy to Rohison^s method, without changing the principle of 
the method. (Napier's Supp. to Eucj. Brit., Carpentry, p. 644.) 
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ones are extended : and if the line e i were drawn iofig. 2, it would shew that both 
the supports are in a state of tension. 

23 a. — The rule applies also to the projections of the directions of the forces 
when they are similarly disposed in respect to the plane of projection : hence, it is 
applicable to the framing of ships, with as much facUity as to a frame lying all in 
the same plane. The chord lines of the curved timbers must be considered their 
directions ; and, as a stress in the direction of the chord line of a curved timber 
produces an effect similar to a cross strain, the strength (Art. 128) and connections 
(Art. 291) must be formed accordingly. 

In rectilineal framing it is, however, important to distmguish ties from struts, 
in order that the connection of the ties may be preserved ; and Mr. Harvey has 
shewn how the rule may be applied to this purpose.* It is first to be remarked, 
that no change of construction will alter the operation of the forces, except it renders 
the parts incapable of resisting the force, which of course must then be sustained by 
some other part. In the annexed figure, commencing at G, the load is sustained 
by EG and CG ; and constructing the parallelogram, and drawing e S through G, 
we find that CG is compressed and EG extended : hence, the latter ought to have 
been continuous, as the corresponding one EE is on the other side of the support. 
Also the weight at I is sustained by EI and CI : find e 6 through I, and it appears 




that the former is extended and the latter compressed ; and in like manner we find 
that of the supports of B, the one EB is extended, and IB is compressed. A similar 
examination of the other side would give similar results ; hence, we find that KL 
resists tension ; MN resists compression ; EG and EF resist tension ; and it may 
further be proved that all braces parallel to these must also resist tension ; also, 
AC and BO, and all struts parallel to them, must resist compression. The middle 

* "On the Diagonal Framing of Ships of War," Journal of the Royal Institution, vol. xxi. p. 267, 
1826. See also the article "Naval Architecture," Encyclopedia Metropolitana. 
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piece OP will not be strained at all as long as the others are perfect : it is in the 
neutral line between the tensile and compressive strains, and on the failure of the 
upper tie, it would be extended, as is shewn at the joint H : and for a moment it 
seems that the upper tie might be removed, as a bridge projector once proposed ; 
but on further examination it appears this cannot be done without a reduction of 
half the strength. If the lower piece were removed, then OP would have to resist 
compression, and except for purposes of connection the middle piece is a useless 
addition. 



TO FIND THE RESULTANT OF A SYSTEM OF FORCES. 

24, — As the strain upon a piece of framing is often produced by two or more 
forces, acting in different directions, of which the crane is an instance, the means 
of finding a force and its direction, that would be equal in effect to two or more 
forces, may be next considered a little more attentively. In all cases where the 
strain is produced by the action of several forces meeting in one point, these forces 
must be reduced to a single force, capable of producing the same effect ; otherwise 
it will not be possible to determine the strain upon the supports. 

25. — A force capable of producing the same effect as two or more forces, is 
called the resultant of those forces. 

Let AC represent the magnitude and direction of a force, acting on the body 
C (Plate H.Jig. 11), and BC the magnitude and direction of another force also 
acting on the body C. Then to find the resultant, draw iB parallel to AC ; and 
Ab parallel to BC ; join iC, which represents the resultant required. The lines 
connecting the points A, C, B, i, form a parallelogram, of which bC is the diagonal ; 
and whenever two meeting sides of a parallelogram are parallel to the directions, 
and proportional to the energies of two forces, the diagonal meeting them both 
at the same point will represent the direction and energy of a force that would 
produce the same effect. A parallelogram constructed in this manner is called a 
parallelogram of forces. 

Also, if the force ftC were to act in the opposite direction, that is, from a 
towards C, it would retain the two forces AC and BC in equilibrio, these acting 
from A and B towards C ; but two forces only can never be in equilibrium, unless 
their directions be exactly opposite, and the forces equal ; and the direction they 
would move in when not exactly opposite, is shewn by producing the diagonal of 
the parallelogram drawn on their directions. Thus Ca {Jig. 11, Plate II.) is the 
diagonal produced, and consequently the direction in which the forces AC and BC 
would cause the body C to move. 
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25 a. — One of these forces may be the weight of a structure, of which the direc- 
tion is vertical, the other force the action of the wind upon it, which is horizontal : 
the resultant shews the direction and intensity of both the forces acting together ; 
the force of the wind on a surface perpendicular to its direction, has been observed 
as high as fifty-seven pounds and three quarters on a square foot.* 

26. — If it were required to find the resultant of three forces pressing on the 
point C, of which the magnitudes and directions were represented by the lines 
AC, BC, and DC, (Jig. 12, Tlate II.) In the first place complete the parallelogram 
BCD*, as in the preceding example ; from which we find dC to be the resultant of 
the two forces BC and DC. Then consider dC and AC as two forces, and complete 
the parallelogram AodC, and aC is the resultant required ; that is, a force, the 
magnitude and direction of which is represented by aC, would produce the same 
effect in moving the point C as the three forces AC, BC, and DC. Also, a force 
equal to aC, and opposite, would keep these three forces in equilibrio. 

By pursuing the same method of reduction, the resultant of any number of 
forces acting in any directions tending to one point may be found ; but when the 
forces are in the same plane, the same thing may be effected more simply as 
follows : 

27. — Let AC, BC, and I>Cy Jig. 13, be the three forces ;t beginning at any force, 
as at B, make Ba parallel and equal to the next force DC ; and then make a d 
parallel, and equal to the other force AC ; join dCy and it is the resultant of the 
three forces. 

The figure BarfC is called the polygon offorces^ and the number of its sides will 
always be one more than the number of the forces. 

27 a. — If on a plane coinciding with the direction of a force to be sustained, 
the directions and magnitudes of the sustaining forces be projected, the intensity 
of the resultant, that is, of the force that may be sustained, may be determined by 
the preceding article, from the projections of the sustaining forces. :|: 

28. — ^When the strain is produced by a single force, it is sometimes useful to 
know its effect in a particular direction, in order to apply an equivalent support 
in that direction. Thus, when a force acts obliquely against the plane surface of 
an immoveable obstacle, the force will have a tendency to slide along the plane ; 
because two forces cannot sustain each other, unless they be equal and opposite. 

* This statement rests on the authority of M. Rocban. It is, however, exceedingly difficult to observe 
the Telocity of the wind, and circumstances connected with rail-road travelling seem to render the assertion 
doubtful. — Ed. 

t When forces are represented in magnitude and direction by lines, the lines only are used for the sake of 
clearness and conciseness to express the forces. 

X Br. Jackson's Mechan. Art. 29. 
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Let a force AC y Jig. 14, act upon the even surface of a plane CB ; it is evident that 
only part of this force will be exerted in a direction perpendicular to the plane, 
and this part will be represented by the line AB, drawn perpendicular to the plane ; 
and then, CB will represent the force that would prevent it sliding along the plane. 

When two pieces of timber are joined obliquely, the pressure on the different 
parts of the joint may be ascertained by this method : for example ; let DB,^^. 15, 
represent the end of a tie-beam, and AC the principal rafter ; the force in the 
direction of the rafter being represented by AC. Then AB being perpendicular to 
the part Ca of the joint, will represent the pressure upon it, and the pressure on 
the part Cd will be represented by CB ; consequently CB will be the measure of 
the force tending to splinter off the part D. (See Sec. IX. on Joints.) 

We cannot often oppose a force by one directly opposite, but we can generally 
find two forces that will answer the purpose ; and by constituting a triangle on 
their directions, and that of the force to be supported, their proportions can always 
be ascertained. This principle is the most important one in the theory of Carpentry. 

28 a. — If a series of equal ribs be disposed in a circle at the base, and meet 
either in a point, or in another circle smaller than the base, then the effort of any 
rib to resist a straining force parallel to the base, will be to the strength of the rib, 
as the cosine of the angle comprehended between the plane of the rib, and the 
plane of the direction of the straining force, to the radius. Hence, where a series of 
equal ribs are disposed at equal distances in this manner, the effect of any number 
of them to resist a force parallel to the base, may be found by summing the cosines 
of the angles formed by the ribs. Let 4 a be the arc occupied by the ribs, the 
direction of the straining force being supposed to pass through the middle of it, 
and to coincide with one of the ribs ; and put b = the arc comprehended between 
two ribs, and Ei equal the resisting force of each rib : then 

\ sm. f ^ 

the joint effect of the ribs. 

When the ribs occupy a semicircle a = 45^ ; and 

^ ^^ / -7071 X cos (45 +ii)N 
\ sm. I 6 / 

the effect of the ribs ; and if the semicircle be opposite the straining force, the ribs 
will resist compression, and those of the opposite semicircle should support an 
equal but tensile strain. 

28 b. — If the ribs be so close as to form a continued surface, then Ei must 
express the resistance of the gore or portion of the ribs occupying the arc b ; and 
in this manner the resistance of domes and other hollow solids may be estimated. 
It may also be applied to investigate the resistance of ships and other forms which 



§ I.] KQUILIBBIUH AND FBESSTJBE OF BEAMS. 17 

are not circular^ either by taking such a circular base as will approximate to the 
mean effect, or by actually summing the cosines of the angles by drawing them. 

29. — In general the designs for framing may be so contrired, that the load 
rests upon two or more points ; for example, the weight of a roof acts on the truss 
which supports it only at the points where the purlins bear upon the truss ; and 
when these points are supported by struts, the forces may be considered, without 
material error, to be in the direction of the principal rafters. But when the load 
is uniformly distributed over the rafter, and it is supported at the ends only, the 
strain upon the tie-beam is no longer in the direction of the rafter : and as there 
are some important strains produced by the action of uniform loads, the nature of 
these strains will form the next object of inquiry ; and in order to render this 
inquiry more clear and simple, we shall suppose the load to arise from the weight 
of the beams themselves* 



or THE CENTEE OF GRAVITY. 

30. — In a heavy beam there is a single point by which it may be supported ; 
and if so supported, it may be placed in any position, and remain at rest. Whereas, 
were it supported by any other point, it would rest only in certain positions. 

This point is called the centre of gravity of the beam. 

A beam AB, suspended by a pin at C {fig. 16, Flate II.) passing exactly 
through the centre of gravity, will rest in the position AB ; or in that shewn 
by the dotted lines a ft, or any other. And the same thing will have place let the 
body be ever so irregular, provided the support passes exactly through the centre 
of gravity. 

The centre of gravity of a uniform cylinder or prism, is in its axis and at the 
middle of its length. 

In a triangle the centre of gravity is in a line drawn from the vertex, or any 
angle, to the middle of the base, or opposite side, and at a distance of one third 
of that line from the base. 

In cones or pyramids the centre of gravity is in the axis and one fourth of the 
height from the base. 

The place of the centre of gravity in various planes, lines, and solids, has been 
determined by mechanical writers; and as the subject is considered in most works 
on mechanics, it is not necessary to enlarge upon it here ;* because when the rules 
become complicated, it is easier to ascertain it by mechanical means ; and in irregular 
figures such contrivance must be resorted to. 

D 
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The most useful mechanical methods of finding the centre of gravity are the 
following : 

31. — ^To find the centre of gravity of a hody with plain sides, suspend it by the 
cord AEBjj^^r, 17, fixed to the body at A and B, and passing over a pin E. When 
the body is at rest, by means of a line and plummet, draw a plumb or vertical 
line upon it, as at u b. Then slide the cord upon the pin E, so as to change the 
position of the body as much as possible ; and when it is at rest again, draw 
another vertical line upon it, and where this vertical line crosses the former one 
will be the centre of gravity of the body. 

32. — ^Another method. Balance the body upon the edge of a triangular prism 
{see^g. 18), and mark a line upon it close by the edge of the prism ; then change 
the position of the body upon the prism, balance it again, and a line drawn by the 
edge of the prism will cross the former one, and the point of intersection will be 
in a line corresponding to the place of the centre of gravity of the body. 

The intersecting lines should cross each other nearly at right angles if possible, 
as the nearer they cross at right angles the more accurately the point will be 
found. 

The same thing may be done by laying the body upon a bench, and moving it 
so as to balance over the edge, or till it be just on the point of falling off. Then 
mark a line along by the edge of the bench, and do the same in another position, 
which will in like manner determine the centre of gravity. 

33. — It is a principle in mechanics, that when a body is supported and at rest, 
the directions of the supporting forces must either meet at the centre of gravity, 

* The following simple cases may however he found useful for reference, m. — If a denote the line 
joining the vertex and middle of the base of any figure, and D the distance of the centre of gravity from the 
vertex { then 

1. In a plane triangle, D = |^ a 

2. In a right cone, or pyramid, D =-|^ a. 

5. In a circuUr segment, D=rad. - f^ 

1 M area. 

2 chord X rad. 



4. In a circular sector, D = 

3 arc. 

5. Seg. of a sphere, D = — ' — ^ a. 

° '^ 12 rad. — 4 a. 

6. Sector of a sphere, D^rad. - 2 rad. + 3 depth of seg. 

7. Semi sphere, D=fff. 

8. Paraboloid, D = f a. 

9. Plane parabola, D=;|-a. 

10. Half a parabola, D from cent. grav. of whole parabola=f base. 
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or in a vertical line passing through it, except the forces be parallel to one 
another.* 

34. — And when a body is supported by one or more planes, and the body is at 
rest, the pressure on the planes is in a direction perpendicular to their surfaces ; 
when the pressure upon a plane is in an oblique direction, the body will not 
remain at rest, unless it be in consequence of the Motion of the surfaces, which is 
neglected in this inquiry. 

By the help of these principles it will be easy to determine the direction of the 
pressures produced by a heavy beam or other body in some of the most useful 
cases. 



OF THE FBESSURE OF INCLINED BEAMS, 

35. — Let AB be a beam, Plate II. Jig. 19, resting against the vertical wall BD, 
and C its centre of gravity ; the lower end resting on an abutment cut in the beam 
AD. Through the centre of gravity C, draw the vertical line c e ; and draw cB 
perpendicular to BD, meeting e e in c. Join Ac, which will be the direction of 
the pressure against the abutment at A ; and that the beam may have no tendency 
whatever to slide, the abutment should be perpendicular to A^. 

Also, Mc €y taken from a scale of equal parts, represent the weight, and a e be 
drawn parallel to cB, then a e will represent the pressure against the wall at B, 
and c a the pressure against the abutment at A. The horizontal thrust at the 
abutment A, is also measured by the line a ^ ; as it is always equal to the hori** 
zontal pressure against the wall at B. The pressures of shed or lean^o roofing 
are shewn by this example. 

36. — Let AD be a smooth horizontal plane, and BD a smooth vertical plane, 
(PlcUe II. fig. 20) ; the force which the end A, of the beam AB, would exert in a 
horizontal direction in any position of the beam, may be found by the equation 

— ^ ^ ^^' ^ = the horizontal thrust : where W is the weight of the beam, m the dis- 
tance AC of the centre of gravity C from the lower end ; a the angle which the 
beam forms with the horizon ; and h the height BD of the upper end of the beam. 
If instead of A, the height of the beam, we call /the length of it, then 

^ ^ '^ '^'' ^ = ~ COS. fl, will be the horizontal thrust ; or otherwise, let faU a 

I siQ. at 

perpendicular C E ; then calling AE = J, we have the horizontal thrust = -j^ : 

* Gregory's Mechanics, toI. i. art. 106, 
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that is, it is equal to the weight multiplied by the base A E and divided by the 
height B D- The thrust therefore varies directly as AE, and inversely as BD. 

36 a. — ^Where the rafters of a roof are uniformly loaded, there is obviously an 
angle which renders the oblique pressure a (?, fig. 19, the least possible ; for the 
weight of covering increases with the length of the rafter, and the oblique stress 
increases when the rafter is shortened : the oblique stress a c is the least possible 
when the tangent of the angle of inclination is '7071, or the angle 35*" 16'. The 
horizontal thrust and stress on the rafter both increase with the weight, and have 
no minimum ; and to the stiffness of the rafter we may extend the same remark.* 
It is altogether a diflferent question to determine the best angle for lock-gates. 
(See Art. 46 d.) 

37. — It has been already stated, that the abutmeni should be perpendicular 
to the direction of the pressure (Art. 36) ; and it may be shewn that the tangent 
of that angle which the abutment for the lower end should form with the horizontal 

plane is equal to ^ ^ ^^' % or ^^'^ = y^o*- «? which becomes yk when the 

centre of gravity is at the middle of the length of the beam. Hence the angle 
may be easily calculated. 

38. — ^When the beam moves between the planes, so that the lower end slides 
along the plane ADjfig. 20, and the upper end down the plane BD, the centre of 
gravity C will describe a portion of an ellipsis, of which BC will be the semi- 
transverse, and AC the semi-conjugate axis ; except when the centre of gravity is 
in the middle of the length of the beam, when it will describe a circle, of which 
the radius is equal to half the length of the beam.f This curious property may 
in many cases be applied to describe an ellipsis on a large scale with advantage, 
as it is simple and easy to put in practice almost in any situation. The line in 
fig. 20 shews the part of an ellipsis so described. 

39. — When two siimilar and equal beams AD and DB, are placed in the 
position represented in fig. 21, C,C' being their centres of gravity, then their 
pressures against each other, at the point where they meet, will be equal and 

* The attempts -to analyze this suhject have heen pretty numerous ; hut the true conditions of the question 
liave not heen understood : Bohison saw the douhtful state of the inquiry, hut did not succeed, nor indeed 
attempt to remoTe it {Mech. Phil. toI. i. p. 596) ; and the very proportion now given has heen ohtained 
from false data. To deduce it from correct ones, let w be the weight on a foot in length of the rafter, and I 

its length, S=AD, and xssBB. Then 10 Z = the load ; and a c,fig. 19, is proportional to s/x'^ -f j^ S^ ; 

therefore, as x : Vx'^ + 4- S ^ wl\ i-i — = 

X 

the oblique stress at the abutment, which is a minimum when a?^= j- S^. [This is precisely the result given 
above, viz., BD2=i AD^ whence BD=AD -/J, and tan. BAD=: v'J, orBAD=36° 16'.] 
t Edinburgh Review, vol. vi. p. 387. 
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opposite ; and their horizontal thrusts will also be equal, and may be found by 
Arts. 35 and 36 : as each beam is obviously in the same state as that in fig. 19. 

As the horizontal thrust of a roof is nothing more than a particular case, 
which is easily solved by the same rules, it will be sufficient to give the equation 
in Art. 36, in words at length, with an example of its application to that purpose. 

40. — S/ULE for the Sorizontal Thrust of an inclined Beam. Multiply the 
weight in pounds by the cosine of the angle of inclination ; and multiply this 
product by the distance in feet, of the centre of gravity from the lower end ; divide 
the last product by the height DE in feet, and the quotient will be the horizontal 
thrust in pounds. 

Exempli' I^t the weight diffused over the length of a rafter be 1600 lbs. ; 
the angle of inclination 27 degrees, of which the cosine is '891 ; and the distance 
of the centre of gravity from the lower end, 7 feet ; the rise or height DE being 
6 feet 6 inches, or 6*6 feet. 

Then, ^^QQ ^ ^^^^ ^ ^ ^ ?^2^ 1535 lbs, nearly for the horizontal thrust, 

which is not much less than the weight in this particular case. 

See also the rule. Art. 36. 

When the centre of gravity is at the middle of the length of the rafter, the 
rule becomes more simple, and may be stated as follows : 

BuLE, when the centre of gravity is at the middle of the length of the rafter 
or beam. Multiply the weight in pounds by the distance AE, in feet (which in a 
roof is half the span), and divide the product by twice the height, DE, in feet, and 
the quotient will be the horizontal thrust* 

ISxample. The weight uniformly distributed over a rafter is 200 pounds ; the 
span of the roof is 20 feet, half of which is 10 feet ; and the hdght of the roof is 

five feet. Then, ^^^ ^ Y^ = 200 pounds, the horizontal thrust, which is exactly the 

same as the weight, and will always be so when the roof rises exactly one fourth 
of the span, but not in other cases. 

41. — Let us now suppose a weight to be laid on at D, in^^'. 21, its effect would 
be to press the beams in the directions of their lengths, as has been shewn, and 
the magnitudes of these pressures may be found by the former Articles. (See Art. 
6 and 14.) Hence we see that a beam performing the part of a strut or an oblique 
support is often strained by two forces, the one being caused by the weight sup- 
ported, the other by the weight of the beam itself, or some uniform load ; and it is 
a well-ascertained fact, that a beam pressed in the direction of its length is very 
much weakened by a cross strain of this kind. If a beam happen to have a slight 
natural curvature, the convex side should be placed upwards, which will counteract 
the effect of the weight of the beam. 
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42. — It is easy to alter the directions of the pressures of a beam by altering the 
position of the supporting surfaces. If, for example, the beam AB, fig. 22, were cut 
so as to rest upon two level plates at A and B, the beam would have no tendency 
whatever to slide, notwithstanding its inclined position, and consequently it would 
have no horizontal thrust. The carpenter may in many cases take advantage of 
this circumstance in preventing oblique strains upon the points of support ; for 
those supports may be abundantly strong to resist a perpendicular pressure, and 
yet be incapable of sustaining a very small force in an oblique direction : but this 
expedient fails when the intermediate framing bends.* 

The present example shews that by cutting the rafters of a shed-roof so that 
they may rest level upon the plates, the roof will have no tendency to push out the 
lower wall. 

43. — To find the perpendicular pressure upon the points of support, draw the 
horizontal line a b through G the centre of gravity of the beam. 

Then — -^ — is equal to the pressure on A, 

And, — -^ — IS equal to the pressure on B ; 

Or, as 6G : aG : : pressure on A : pressure on B. 
The relations between the weight W, and the pressures on the points of support, 
are the same in a straight beam, laid in a horizontal position upon two supports, 
fig. 23. 

OF THE STRAIN UPON BEAMS LAID HORIZONTALLY. 

44. — When a beam is laid in a horizontal position, as in fig. 23, and a load is 
uniformly distributed over its length, or the beam is only loaded by its own weight, 
the strain upon the beam is the same as if half the weight were acting at its centre 
of gravity. 

But if the weight be distributed over the beam it must be of a yielding nature, 
otherwise this rule will not hold good. If a strong short beam be laid upon the 
first beam, and the weight upon that, the strain upon the lower beam would be 
removed to the points where the ends of the short beam would rest upon the 
longer one, and of course the strength of the longer one would be much increased. 

''^ As no supports should ever receWe a lateral pressure unless built expressly to resist one, like the 
buttresses of old church architecture, and as this always entails great additional expense in the masonry, no 
lateral thrusts on masonry should ever be allowed except from other masonry (as arches, vaults, and other 
fire-proof coverings), for carpentry (or any structure in materials that admit of tying) to exert any lateral 
thrust whatever on the supporting masonry, is a totally useless waste, and therefore cannot occur in sound 
architecture. 
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45. — ^When a beam is supported at the ends, as^^. 24, the stress arising £rom 
any weight W, produces the greatest strain when it is applied in the middle of the 
length. And, if t^ be the greatest weight the beam would support in the middle, 
the greatest weight W that it could support at any other point C, will be found 
by the following proportion : 

As the distance AC multiplied by the distance BC, 

Is to the square of half the length of the beam ; 

So is the weight w, that could be supported in the middle. 

To the weight W that could be supported at the point C. 

From this it appears, that a beam 20 feet long will bear very nearly double the 
weight, at 3 feet distance from one end, that it would bear in the middle of its 
length ; for 3 X 17 = 51 and 10' = 100. Consequently the further a load can 
be removed from the middle of the beam the better : and when it is necessary to 
place the stress at or near the middle, it is of great importance to cut the timber 
as little as possible with mortises at the point where the stress acts, and the piece 
should be as free as possible from knots in that point. Also, as a beam is generally 
weakest at the point strained, the same precautions should be attended to wherever 
the strain may be.* 

46. — If to be the greatest weight a beam whose weight is L will bear in the 
middle of its length, and it be required to support by that beam any greater weight 

W, the point C may be found by this equation, -g" ^ (^ -±. ^ y^^ ) = *^® distance of 

the point C from either end. The upper sign gives the distance &om the remote 
end, the lower sign gives the distance from the nearest end. 



OF STBESS FROM THE FRESSUBE OF FLUIDS. 

46 a. — ^The pressure of a fluid exerts its force in a direction perpendicular to 
the surface it acts upon ; and is equal to the weight of a column of the fluid, the 
base of which is equal to the surface the fluid acts upon ; and the height equal to 
the depth of the centre of that surface below the surface of the fluid. The same 
rule applies to semi-fluid materials ; but in loose earthy matter the pressure is less, 
though not sufficiently to allow of reducing the strength of a timber support, 

* It can never be necessary however to concentrate a stress on any single point of a horizontal beam, in 
sound architecture^ as it is the contriver's duty to avoid vrasteful arrangements, instead of calculating this waste. 
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because in such situations it is so much more Kkely to decay. Since the weight of 
a cubic foot of water is 62*5 pounds, the area of the part exposed to the stress in 
feet, multiplied by 62-5 times its mean depth in feet, will be the stress in pounds. 

If the length of a plank be horizontal, and it be sustained at the ends, the stress 
will be equal on every part of the length, and its stress will be found by the 
rule (Art. 112). 

When the plank is placed with the length yertical, and is sustained at the ends, 
the pressure increases as the depth, and the point of greatest stress is at the 
distance of >/ i of the depth from the surface of the fluid, when the upper fixed end 
of the plank coincides with that surface.* The stress will be found by the preceding 
rule, using 31*25 instead of 62*5 as the multiplier. 

46 J. — ^Where the plank or beam is horizontal, it may be arch-formed in 
cases where there are abutments ; and since the pressure is equal and perpendicular 
to the curve in every part, the curve of equilibrium must be a portion of a circle ; 
in this case the strength is easily calculated, for the strain is inversely as the radius 
of curvature. (Art. 128.) 



or THE STRESS ON THE GATES OF CANAL LOCKS, &C. 

d6 c. — ^This is a subject of some importance, and has not been treated with 
clearness nor simplicity. In fact it has evidently not been understood in theory ; 
and consequently, the construction now followed has been the result of the frequent 
practical application of various modes of construction, by which the good ones 
have gradually become known. It is, however, an imperfect mode of acquiring know- 
ledge, which may be followed in cases where the nature of the causes are not 
understood, but to these it should be confined. 

Lock-gates may be either straight or curved ; in either case the pressures of 
the fluid being perpendicular to the surface, their resultant will h^c e {fig. 5 and 
6) ; hence, measuring c e hj such a scale of equal parts as will represent the 
pressure in pounds ; then cA. measured bj the same scale gives the pressure at A, 
and its direction is cA. : also, Ae measured by the scale gives the pressure at the 
angle B where the gates meet, its direx;tion being cB ; it represents the force which 
closes the joint of the gates, and must have an equal and opposite force from the 
action on the opposite gate. To draw the directions of the forces, let a be the 
middle of the breadth of the gate AB, and through this point a draw c e perpen- 
dicular to AB ; also, draw cB parallel to the line joining the centres of motion 
A, E, which determines the point c, and join cA. The stress on the gate will be 

* Tredgold's Essay on the Strength of Iron. 
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found by (Art. 46 a), and when the gates are curved, the curve should be a circle 
drawn to touch Ac and cB as tangents ; in that case the gate resists as an arch ; 
but as the curve is flatter the stress is more transverse, and becomes wholly 
transverse when the gate is straight. 





46 d. — ^The best angle for lock-gates has been often discussed, but never decided. 
Belidor's attempt is a very imperfect one ; it gives the angle 135^* MuUer's is 
better ; it gives the angle 109"* 28', but is evidently inaccurate in assuming the 
quality of two strains which are not equal, t Robison gives Muller's method, with 
his doubts of its accuracy ; but makes no eflfort to free the subject from its diffi- 
culties, t Telford follows the example of Robison; adding, that one-sixth of the 
width is the proportion esteemed customary by practical writers, but that the gates 
of the sea-lock of Muyden form an angle of lAB"*, and that the ancient lock of 
Sparendam has a sally of about one-sixteenth at the sea doors. § Professor Leslie's 
researches lead him in the opposite direction ; for he concludes that 90"" is the best 
angle. || These opposite results have enough in themselves to raise some interest 
in the research ; but I cannot do more than refer to them, and then proceed to 
consider the question anew. 

46 e. — ^The gates of a lock must have a proper degree of strength ; and it is 
obvious that the most important thing in practice is to give the gates such an 
angle that, with the proper degree of strength, they shall be of the least weight 
possible ; and it is further dear that gates of the least weight, but yet sufficiently 
strong, cannot be a means of exciting great or injurious strains on the other 
parts of the lock. This condition, therefore, seems to be the most essential to a 
lock-gate, both as to strength and convenience in practice. But the thickness 

* Architecture Hjdraulique, tome iii. p. 83 — 91. 1750, 
t Martin's Mathem. Institutions, art. 1039—1040. 1764. 
X Mechanical Philosophy^ toI. i. p. 590. 
$ Brewster's Encyclo. art. Navigation* Inland, p« 309. 1827. 
II Natural Philosophy, yoI. i. p. 281. 1823. I 

B 
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necessary for strength is directly as the radias of curvature, when they are curved 
to the form of equilibrium, (Art. 46 *) ; and if y be half the breadth of the lock, 
and X the sally of the gates, then this radius is according to the relations of the 

lines in a circle ^ "*" ; hence, this expression is proportional to the thickness 

necessary for strength : and assuming the arc to be a constant multiple of its 
chord, its length will be as ^/(y^ + ^) ; and the weight varying as the length and 

thickness, it varies nearly as 5 — — ; therefore this expression should 

be a minimum. 

According to the rules of maxima et minima, we find this to be the case when 
2 ^■=yS or 1'4142 ^ = y ; and the angle formed by the chord lines of the gates 
would be 109*" 28', the same result as MuUer found for straight gates. 

46/. — If the gates be straight, or the curvature be flatter than the curve 
described, to pass through the angle from abutment to abutment, then the strength 
of the gates must be greater in the same proportion as is required for the resistance 
of lateral pressure : and as shortening the gates reduces the eflfect of the lateral 
pressure, the angle may be increased with advantage in such gates ; for the weight 
varies as the power of resisting lateral pressure, which is as V (y* + ^')5 or as the 
length ; that is, other things being the same, the thickness must be directly as the 

length ; and hence ^!Ljt — L is proportional to the weight, and should be a minimum; 

SB 

which it is when S a^ = y^, or 1*732 x = y; and the angle corresponding is 120**. 

Our general result therefore is, that for straight gates the angle should be 
120% or the sally about two-sevenths of the width of the lock ; and for gates in one 
continued curve from abutment to abutment, the versed sine of the curve should 
be about seven- twentieths of the width. Practice is exceedingly variable, and it 
is well known that considerable variation on either side of the best proportion, 
is not attended with any serious disadvantage.* 



OF THE EQUILIBBITJM OF AN ASSEMBLAGE OF BEAMS. 

47. — When an opening is too wide to be spanned by one or even two pieces of 
timber, it may be effected by a combination of pieces which bear a near resemblance 
to an arch in masonry. The principles of stability are not, however, exactly the 

* See an article on this subject in vol. i. of the Transactions of the Institute of Civil Engineers, by 
P. W. Barlow, civil engineer. 
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same : in a piece of carpentry the stability is gained by the transverse strength 
of the material, and the mode of connection ; in a stone arch the stability is 
gained by its compressile strength, or resistance to crashing only, a proper 
disposition, and depth of the joints. The principles of equilibrium, as esta- 
blished by mathematical writers, require some modifications which have only 
lately been found to be necessary,* When a combination of beams is strained by 
a force which tends to destroy the balance of its parts, if the strain at any part be 
examined, it will be found to be of two kinds ; the one stretching, the other com- 
pressing : and ia the depth of the framing there will be one point in a neutral 
state^ in the same manner as in a solid beam. Now the curve of equilibrium 
should pass through the neutral points, and not form the inner line of the system 
of framing, as Emerson, Hutton, and others assert, t If the combination consisted 
of single frames, or blocks, without connection, but merely abutting against each 
other, the strain excited by the forces on any part would be wholly of the com- 
pressive kind, as it is in a stone arch, where we cannot trust to the cohesion of 
cements : but in a combination of beams, to lose the advantage of connection, is to 
lose that in which the excellence of the carpenter's art chiefly consists ; therefore 
the latter case need not be considered. :|: 

OF THE POINTS OF FRACTURE IN A STSTEM OF FRAMING. 

48. — ^The balance of the parts in a system of framing, is not so complicated a 
question as it is generally imagined to be ; at least it is not so while our enquiries 
are confined to practical cases. A system of framing for spanning a wide opening 
is generally composed of two equal and symmetrical parts ; and when it is loaded, 
the load is also similarly disposed. When the parts are loaded so as not to be in 
eqmlibrio, the system will divide itself into four parts only. 

* Encyclopaedia Britannica, Supplement to 5th edition, art. Bridge. 1817. And Philoso. Mag. vol. xl?i. 
p. 24). 1815. 

t Emerson's Fluxions, sect. ii. prob. 20 ; Button's Principles of Bridges, and Tracts, vol. i. pp. 41—69 ; 
and the various compilers from these authors. Professor Robison laboured much to remove the difficulty, 
but failed ; (see Mechan. Phil. vol. i.) In a pillar we have no difficulty in perceiving that the direction of 
the pressure must fall within its base ; and a portion of an arch may be considered as a short pillar, within 
the base of which the resultant of the other pressures should be found. 

% Materials of a granular nature (like stone and cast iron) were evidently made to be opposed to com- 
pressing forces only, and those of a fibrous nature (like wood and wrought iron) to stretching forces chiefly. 
To make either kind bear transverse or bending strains, except on a very small scale, is wasteful and barbarous, 
being a substitution of mere labour for skill, and using the work of many to save that of one. 

£ 2 
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m 

49. — Again, if the system be balanced, and rupture be produced by a weight 
laid on at any particular point, the system may either divide itself into three or 
four parts. When the weight is laid upon the system at or near the middle of the 
span, it will divide itself into four parts. When the weight is laid upon it at 
some distance from the middle, the framing will generally divide itself into three 
parts. 

50. — Jjetjig. 25, Plate III. represent a system of framing, which is similar to 
one applied by Sir Bobert Seppings, for the roof of a dock for building ships under 
cover.* The parts of this roof are obviously not in equilibrio, and the weight of 
the roof itself tends to cause fracture at the points B, C, and B', consequently to 
break the roof into four parts, AB, BC, CB' and B'A'. 

The uprights AB and A'B', have neither position nor weight to balance the 
spread of the superior parts ; and the stability of the system depends wholly on 
the strength of the post to resist a cross strain, and the connection of the parts. 
By a proper disposal of the parts of this roof, the greater part of the strain arising 
from the weight of the roof itself might have been removed : and of course the roof 
Would be either much stronger to resist any other force — such as the wind, &c,, — 
or it might have been constructed with less material and labour. 

This example is cited to shew that it is as essential that the principles of 
equilibrium should be known, as it is to understand the best method of stiffening 
and connecting the parts. The roof of Sir R. Seppings is a fine example of the 
latter ; and it has undoubtedly been for the purpose of leaving as much free space 
as possible, that the upright posts only were used ; for an oblique strut in the 
direction oB would have added much to the stability of the frame, t 

51.— To find the position of the side posts, so that the roof may be in equilibrio. 
Let G be the centre of gravity of that part of the frame between B and C, fig. 26. 
Draw the vertical line b g through G, and from the middle of the depth of the 
framing at C, draw the horizontal line CJ, cutting the vertical line in h. Then 
draw the line AB6, and AB is the position of the post. 

Here no notice is taken of the weight of the post itself, because it is too small 
to produce a sensible difference in the position. 

52. — In fig. 25, B, C, and B', may be called the points of fracture, or the 
centres of motion, which in this case are easily found by inspecting the figure. In 
general it is more difficult to ascertain their position, and they are affected by so 

* The roof designed bj Sir Robert Seppings is 95^ itti span from A to hl\ it is described in the Supple- 
ment to the Encyclopiedia Britannica, art. Dock, p. 590. 

t In auother department of Carpentry — viz. Ship Carpentry — Sir Robert Seppings has introduced some 
improvements which promise to be of great service. The improvement consists in applying diagonal braces 
to strengthen ships. See Phil. Trans, for 181S, Part I. 
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many circumstanoes, that it is not practicable to give a general rule for finding 
them. 

But in most cases, the positions of the centres of motion may be determined, 
with aU the accuracy required in practice, by inspection ; and it may be as well to 
illustrate this point before proceeding to examine these combinations further. 

In the first place, suppose ACB, fig. 27, to be a solid curved beam, resting on 
the abutments A and B. Let it be uniformly loaded, and the strength equal in 
every part of its length ; then the neutral line would be at or near the middle of 
the depth. Now if the curvature of the neutral line should not be the proper 
curve of equilibrium to the load, there would be a tendency to break at three 
points, one of which would be at C, the middle of the length. The other points 
would be near where the neutral line is most distant from the chord line AC and 
CB, but a little below, that is, at e and /in the figure. 

53. — If the beam should be much weaker at any point b than it is at e, the 
centre of motion would be the point ft, and one of the fractures would be there in 
the case of failure. But if the weak point were at d, the beam would be less liable 
to fail there, unless it should be very much weaker than at e. 

64. — ^Again, considering the strength to be equal throughout, and the load to 
increase, from A and B towards C, then the fractures would take place at or 
rather above the points e and/ On the contrary, if the load should increase from 
towards A and B, the fractures would be below the points e and / 

Hence, by attending to the form, the strength of the parts, and the disposition 
of the load, in a system of framing, the centres of motion or places of fracture 
may be determined with all the accuracy that is necessary in practice. 

55. — ^But the constant load on a system of framing may be so balanced by the 
form of the supporting frame, that it will have no tendency to produce fracture ; 
and then the strength should be capable of sustaining any other load of a variable 
nature, as the weight of carriages, &c. upon a bridge, or the like. In order that 
the load may be thus balanced, the form of the supporting frame should be such, 
that a continued line, which will depend on the nature and disposition of the load, 
may pass through the middle of the depth of every part of the supporting frame. 
This line is called the line of equilibrium. Its nature may be more accurately 
defined, by stating that each element of the line is the resultant of all the forces 
acting on that element : it is, generally, a curved line ; but in a vertical pillar 
or column, it is a straight line drawn in a vertical direction through the centre of 
gravity. 

The form of the curve may either be found by mathematical investigation, or 
by mechanical means, when the nature of the load is known. 
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66 a. — ^When in a system of bodies in the same plane, the parts are in equilibrio, 
the centre of gravity of the system is either the highest or the lowest possible ;* 
but when it is in the highest point the equilibrium is always tottering^ and must 
be preserved either by the connection of the parts, or by the magnitude of the 
surfaces of contact : on the contrary, if the centre of gravity of the system be in 
the lowest point possible, the equilibrium is stable ; and if the system be disturbed, 
it re-arranges itself again in the same form as before. In like manner, if in a 
system of bodies in the same plane the curve of equilibrium be concave on the 
under side, the equilibrium is tottering ; but when the curve is convex on the 
under side, the arrangement is in stable equilibrium, t 



TO DETEBMINE THE CUBVE EQUILIBBIUM. 

66. — Let AC represent a portion of a curve of equilibrium, fig. 28, being the 
vertex of the curve, and GE a vertical line passing through the centre of gravity 
of the load resting upon the part between A and C. 

Then by similar triangles AE : GE ( = CB) : : AB : BD : : horizontal thrust to 

the weight. Therefore, j^-g = BD. But BD is the subtangent of the 

curve ; consequently when it agrees with that of any known curve, that curve is 
the curve of equilibrium. 

57. — Example 1. Suppose the load to be uniformly distributed over the 
framing, then the centre of gravity of the load over any portion AC may be con. 
sidered to fall over the middle of AB, and AE will be equal \ AB. Consequently, 
BD = 2BC, a well-known property of the parabola. Therefore when the weight 
is uniformly distributed, the curve of equilibrium is a parabola. A method of 
describing a parabola will be found in the section on Boofs. (Sect. IV.) Various 
other methods are given by writers on Conic Sections ; particularly in Emerson's 
Conic Sections^ book iii. prop. 59 and 60; and an easy method is given by 
Nicholson, in his Garpenter^s Chiide^ p. 11. 

* Poisson, Trait6 de Mecanique, tome i. art. 176. 

f The bodies are here supposed to touch each other only at single points ; in which case^ of course, the curve 
convex downwards can only be obtained by giving the bodies a continued connection, as in a chain or suspension 
bridge 3 while tlie bodies arranged so as to have their curve of equilibration concave downwards (as in an 
arch) need no such connection. In the former arrangement, as long as the load varies, the surfaces of con- 
tact must perpetually rub, and so become weaker and weaker till some link of the connection wears out. But 
in the arch-like arrangement, once rendered stable by giving those surfaces sufficient extent, there can be no 
friction, and therefore no wearing weaker. This di£ference should lead to some important ethical considerations 
in permanent bridge building. 
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As in bridges and roofs the weight is very nearly uniformly distributed, it will 
generally be near enough for praetiee to use the parabola as the curve of equi- 
librium ; where greater accuracy is required, it may be found by art. 61. 

58. — Example 2. Let the weight on any part of the framing be proportional 
to the distance from C, the middle of the span. 

Then the distance AE will be equal to \ AB ; because the distribution of the 
weight may be represented by a triangle, with the vertex at C and base at A. In 
this case BD = SBC, a property of the cubic parabola. Hence, when the weight 
is distributed in proportion to the distance from the centre, the curve must be a 
cubic parabola. To describe this curve, put 8 = half the span, and h = the rise of 
the framing ; x the abscissa, and y the corresponding ordinate. Make or = t^ A ; 

then sn^ = y* 

The curve may also be constructed by the following method : 
Divide the rise BC (Jig. 29) into eight equal parts, and draw the horizontal 
lines al, b 2, c3, &c. Then the distance 

AB multiplied by 0*5 
AB „ 0-63 

AB „ 0-721 

AB „ 0-7937 

AB „ 0-856 

AB „ 0-9085 

AB „ 0-956 

Through the points a, ft, c, d, e,f, g, draw the curve, and it will be the cubic 
parabola sufficiently near for practice. 

59.— Whenever the distance of the centre of gravity from A {Jig. 28) is ex- 
pressed by the equation AE = -^ AB, the curve of equilibrium will be a parabola, 

of which the equation will heax = y°*, and the subtangent =mx4 

60. — It is useful to know the subtangent of the curve of equilibrium, because 
it gives the tangent, and consequently the direction of the pressure of the abut- 
ment. In any case, where the equation of the curve of equilibrium isax = y", 
the pressure on the abutment will be in the direction of a line, which makes an 

angle with the horizon, of which the tangent is -y-5 where 8 = half the span, and 



will be equal 


a 1, 




b2, 




cS, 




d4i, 




eh. 




/6, 




5^7, 



*« 



* For by the property of the curve, a a? = y* ; and, when « = A, and y = *, a A = «^, or a = ----; there- 



fore 



= y*, or * (-r) = y = « « ^» when a? = » A. 



h 
t Emerson's Fluxions, p. 203. 
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h = the rise. And also, when we make w = the weight of half the framing, we 

have — T = the horizontal thrust. 

61. — Example 3. When the weight is distributed over a piece of framing, a 
bridge for example, so that the weight on any portion from the middle towards 
the abutment shall be represented by a trapezoid AFHO, fig. 30, put HO = a, 
which will represent the weight at the middle of the arch ; and let IC : lA : : 1 : n ; 
then a y + i ^ y^ = t^® weight on any portion of the arch whose horizontal 

ordinate is y. Put AB = y {fig. 28) and OB = a?, and we have ^^^ ^ \ ^a ~ 
BD, the subtangent of the curve. Consequently, when the point A is at the abut- 
ment, and y = * = half the span, and ^ = A, we have ^ ( J^^ Vac) ~ tangent of 
the angle which the direction of the pressure on the abutment makes with the 

horizon. And ^-j (3 a + ^ *) = ^^ horizontal thrust at the abutment. 

But in order to construct the curve, its equation should be known ; to effect 
this, put H = the horizontal thrust, and by converting the relations of the forces 
into an analogy, we have H : a y + a ^ y^ (the weight) : : y : to the subtangent 

BD, by art. 56 ; hence, this value of the subtangent is = ^^ "^ . But by the 
principles of the differential calculus, -^~=^ the subtangent, therefore g 

= ^j-^ , whence -^ (« + i ^ y ) = ^* is the equation of the curve. 

This equation will be sufficiently accurate for determining the form of the curve 
in most cases ; as the expression for the weight will nearly agree with the distri- 
bution most commonly occurring in practice. The abscissa x^ and ordinate y, 
become A, and «, at the abutment ; and these being always given, we have H = 

2i (^ + 3 ^ ^) » ^^^9 S being determined either by this method, or as above, the 
equations being actually the same, the ordinates of the curve may be easily cal- 

« 

culated. 

The curves that apply to such cases as usually occur in practice are evidently 
of a parabolic kind ; and the same observation applies to those curves which are 
proper for cupolas or domes, to which we must now proceed. 

* Since by this equation -^ = ^^ "tt ^ ^ * 

lldx = ay dy + \ny^ dff; or, 
Haf = |ay2 + |ny«i whence, x = ^ (« + i « y). 
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TO DETEBMINE THE CUBYE OP EQUILIBBIUM FOB A CUPOLA OB DOME. 

62. — Conceive the dome to be generated by the motion of the curve AC {fig. 28) 
round CB as an axis ; then the same relations will obtain as in the case of an 

G B X A B 

arch (art. 56), that is ^j, — = BD = the subtangent of the curveof equilibrium. 

Let AI (fig. 31) be the plan of the dome, and let it be divided at the circumference 
into any number of equal parts, of which HF is one ; then, whatever form is 
necessary to equilibrate the gore HFC, must be equally requisite for every other 
part of the dome. Let ACB be a section through A'C the middle of the gore 
HFC. 

63. — Example 1. When the weight is uniformly distributed. 

In this case the weight on any part of the gore is proportional to the distance 
from the centre ; consequently the centre of gravity is \ AB from A : and the 
curve of equilibrium is a cubic parabola, the same as in Example 2, art. 68 ; and 
may be described in the same manner.* 

Q^.— Example 2. Let the weight be distributed so that on any portion of it, 

AC, fig. 31, is = y a + ^^-^p- , where y is the ordinate AB, a the depth of an uni- 
form weight ; and 1 : b the ratio of increase of another part of the load, which 
increases regularly from the centre to the circumference j also v = 3*1416, the 
circumference of a circle whose diameter is 1. 

3 

2H 

=BC the abscissa ; and H = the horizontal thrust. 

Hence, when the rise and radius of the base of the dome are given, the rise or 

height being A, and r the radius, we have ^/^ (a + i ^ 6 r*) = H. 

The most useful cases of domes will be determined by this equation, from which 
it is easy to find a sufficient number of points in the curve to design the framing 
upon. It is scarcely necessary to remind the reader, that in domes, as in arches, 
the curve of equilibrium ought to pass through the middle of the framing. 

65. — Example 3. Suppose the curved part of the dome, fig. 32, to be uniformly 
loaded, and a lantern on the top, the space CD being open. 

Let W be the weight of the lantern, and to ir y {y '\' r) = the weight pressing 
on the curved surface AC, where y = AB, r = CE the radius of the lantern. 

* The same conclusion is obtained in a different manner by Emerson^ Fluxions, p. 388 ; and by I>r«. 
Hutton, in bis Tracts, vol. i. p. 66. 

F 



By the same process as in art. 61, we obtain x = ^ (» + i ^ 6 y*) ; where x 
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The whole weight is u? ir y (y + r) + W, and the equation of the curve of 
equilibrium isg (it^iry* + \to ir ry + W) = x. 

Let the radius of the base of the dome be R + r, and h the height of the base 
of the lantern. Then, -^ [u? ir (^ R^ + ^ E r) + W] = H = the horizontal thrust. 

66. — From the equations in the two preceding articles, the proper curve for a 
dome may be obtained ; but it may be remarked, that so long as the curve is not 
more convex towards the external surface than the proper curve of equilibrium, the 
form may be changed at pleasure ; because every part of the framing may be 
strutted so that it cannot press inwards ; but the lateral stability decreases in pro- 
portion as we get within the proper curve. On the contrary, a departure from the 
curve of equilibrium outwards may be compensated by ties, and such must always 
be the case at the springing of a dome.* 

The curve of equilibrium is not tlie weakest form for a timber dome, as Dr. 
Robison states it to be,t but it is the limit that should never be exceeded in 
outward convexity. The curvature of the line of equilibrium passing through the 
framing may be of any form within this, and be stronger ; but if it be without this, 
it will be weaker, and require hoop-tying about the middle parts of its height. 

From the mutual tendency of the parts to the axis, a dome admits of an open- 
ing in the centre ; but it is not a matter of indifference whether the weight be 
omitted or not iu determining the curve of equilibrium. The reader will, however, 
easily perceive, that the external covering may have any form that is most consis- 
tent with the other parts of the building, as these calculations refer to the sup- 
porting frame only. The strongest forms are generally the most beautiful, but the 
consideration of beauty of form does not come within the plan of this work. 

GENERAL OBSERVATIONS ON DESIGNING, FRAMING, &C. 

67. — ^The principal questions relative to the action of forces on single beams, 
and on systems of framing, have now been considered ; and it only remains to 
make a few remarks ou, the best method of applying those principles so as to form 
a perfect design. 

• In a dome of masomy, as the materials of each horizontal circle prevent each other firom pressing 
inward (as by a circle of struts in a timber dome), the profile may deviate inward as much as we like from 
the curve of equilibrium (which is the weakest form that will stand at all), even to straightness, which 
reduces the dome to a cane like that employed by Sir Christopher Wren to support the lantern of St. 
Paul's, which, if sufficiently hooped at the base, is safer than any dome. — Ed. 

t Encyclopsedia Britannica ; and Mechanical Phil. vol. i. p. 649. 
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In the first place, the artist must remember, *' that the strength of a piece of 
framing, whatever may he the design, can never exceed that of its weakest parts ; 
and that partial strength produces general weakness."* 

Therefore, let the fixed conditions, or those objects which cannot be altered, be 
well considered ; and as far as it can be done, let them be drawn correctly to a 
scale; shewing the curves of equilibrium, the points where the forces act, and 
every other particular condition. Also, it must be considered whether the forces 
are to act constantly on the same parts, or to be subject to changes ; and the nature 
and extent of these changes should be exhibited. 

Secondly. The nature of the sustaining points should be carefully examined, 
whether they be capable of resisting a force acting obliquely against them or not ; 
and the framing must be disposed accordingly. 

Then a design may be sketched in, of such a nature as shall appear best 
adapted to attain the objects in view, taking care to avoid transverse strains as 
much as possible, to load obtuse angles lightly, and to give little excess of strength 
to parts which themselves add to the load to be supported ; the proper degree of 
strength may be fixed by the rules in the next Section. 

Nothing will assist the artist more in forming a good design, than just concep- 
tions of the objects to be attained ; and nothing will render those objects more 
familiar to the mind, than drawing them. 

* Seppings, Philosophical Transactions, 
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SECTION II. 



OF THE RESISTANCE OF TIMBEE;, OR THE STABILITY OE 

RESISTANCE. 

68. — ^To know the resistance which a piece of timber oflters to any force tending 
to change its form, is one of the most important species of knowledge that a car* 
penter has to acquire; and to be able to judge of this degree of resistance from 
observation only, even in common cases, requires nothing less than the practice of 
a life devoted wholly to carpentry. 

Besides, it is a species of knowledge that is confined to the person who has 
obtained it, and dies with him. It is a feeling of fitness, which can neither be 
commimicated nor described; lievertheless it is a feeling that every thinking 
practical man is sensible he possesses. We are far from having a wish to banish 
the nice observation which gives birth to this feeling ; because it is more desirable 
that it should be encouraged than suppressed : but there are cases where it fails ; 
that is, when the magnitude of the object is beyond the range of ordinary 
practice ; and where new combinations are attempted. In such cases the laws of 
the resistance of solids should be referred to, even by the most expert practical 
man ; and he will be better able to judge of their correctness if he finds them, in 
common cases, to give results that agree with those he has drawn from practice. 

But there are many besides practical carpenters who ought to know some- 
thing of the principles of building, and who have not an opportunity of becoming 
acquainted with those principles through practice : to such persons the rules and 
experiments detailed in this work will be found extremely useful. 

In order to be able to determine the dimensions or scantling of a piece of 
timber, which shall be capable of sustaining a given weight or pressure, the laws 
that regulate its resistance should be considered; and to accomplish this in a 
manner likely to be useful, we must consider what effect is produced when a piece 
of timber is overloaded. This effect, in general, is nothing more than a certain 
degree of flexure, or bending, as it seldom happens that timbers are absolutely 
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broken ; and, generally, a small degree of bending renders a beam unfit for its 
intended purpose. 

Much has been said on the irregular nature of timber, and that it is impossible 
to make rules or tables for scantlings on that account : but it must be observed, 
that these remarks apply only to rules for the strength of timber to resist break- 
ing ; and even in that case timber is not so irregular as is generally imagined. 
The diflference in good timber is still less perceptible when the bending only is 
considered, and the laws of flexure are founded on experiments of the most un- 
exceptionable nature. It has been shewn in the preceding section (Section I. art. 
18) that a change in the position of the resisting parts brings new forces into 
action, and this is the cause of the irregularity observed by Buffon in his 
experiments ;* but in a piece of carpentry these changes must never be so great as 
to produce a sensible effect : therefore it would be a needless refinement to 
attempt to form rules that would embrace all the circumstances these changes 
produce ; besides, it would render them too complicated to be useful. 

In all cases timbers that are exposed to considerable strains ought to be of a 
good quality: therefore the data should be drawn from experiments on good 
timber, and not from inferior specimens. For if inferior specimens were made the 
basis of calculation, at what point of inferiority should we begin? And how 
should it be described so as to enable us to compare it with any other timber ? 
But when it is known what a piece of good timber will do, it will be easy to com- 
pare its description with that to be used. Good timber is that which is perfectly 
sound, straight-grained, free from large knots or other defects, particularly near 
the strained points, and seasoned. Specimens of this kind are marked medium in 
the tables of experiments. In Section X. the reader will find further information 
respecting the nature and qualities of different kinds of timber. 

But the qualities even of good timber vary in some degree according to the 
nature of the earth it is grown upon, and the driness and exposure of the 
situation. The age of trees at the time of cutting, the natural defects, such as 
knots, shakes, &c., also the mode of seasoning, or the comparative driness, is the 
cause of some difference in the strength and stiffness of timber : all these things 
considered, it is impossible to calculate correctly its strength and stiffness. But, 
fortunately, that precision which is so essential to the philosopher, is not ab- 
solutely necessary to the architect and engineer. They content themselves with 
approximations which are simple, and more easily obtained ; and, provided the 
limits which cannot be passed with safety be pointed out, these approximations 
are sufficient to direct their practice. 

* M^moires de TAcad^me des Scienoea^ 1741, p. 328 — 332. 
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DEFINITIONS, AND GENERAL PRINCIPLES. 

69. — ^The laws of the resistance of materials depend on the manner in which 
the pieces are strained, and may be divided into three kinds. 

Pirst, When the force tends to pull the piece asunder in the direction of its 
length, or the resistance to tension. 

Secondly, When the force tends to break the piece across, or the resistance to 
cross strains. 

Thirdly, When the force tends to compress the body in the direction of its 
length, or the resistance to compression. 

70. — Stiffness is that property of bodies by which they resist flexure or bend- 
ing. Strength is that by which they resist fracture or breaking. This distinction 
must be carefully attended to, because the laws of strength and stiffness are not 
the same. For instance, the stiffness of a cylinder, exposed to a cross strain, 
increases as the fourth power of the diameter, but the strength increases only as 
the cube of the diameter. If the diameter of a cylinder be doubled, its stiffness 
wUl be sixteen times as great, but its strength will only be increased eight times. 

In those members of carpentry that are unavoidably subject to cross strain, 
the comparative stiffness is of much greater importance than the comparative 
strength, as timbers are seldom exposed to strains that break them.* 

71. — All bodies may be extended or compressed ; and within the limits useful 
in practice, the extension or compression is directly as the force producing it : 
that is, if a force of 100 pounds produce an extension of one-tenth of an inch, 200 
pounds will produce an extension of two-tenths of an inch, and so on. It is on 
the truth of this principle that the greater part of the following inquiry depends ; 
and it has been found by experiment to be perfectly regular to an extent which 
embraces all useful cases. It has no other proof than " a large experience without 
a single exception ;" but this will be deemed a sufficient one. 

ON THE RESISTANCE TO TENSION, 

In conformity to the principle of distinguishing stiffness from strength, this 
subject divides itself into two parts. 

Of the Stiffness of Bodies to resist a Strain in the direction of their Length. 
72. — It is apparently the most simple case of extension when a piece is pulled 

• The more important pieces, however, can never, in rightlv designed carpentry, be exposed to other 
than direct longitudinal strains, of tension or compression : and here the calculation of strength is sufficient 
to determine their scantlings ; that of stiffness is necessary only to make the due allowances in their length 
for compression and extension. — ^£d. 
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in the direction of its length ; but this simplicity is confined to the case when the 
line of strain corresponds exactly with the centre of the section, otherwise it is the 
most complicated, or at least the most difficult to manage in a theoretical point of 
yiew. When a beam is strained in the direction of its length, the extension will 
be obviously directly proportional to the straining weight, and to the length of the 
piece ; and inversely proportional to its area, or to the product of its breadth and 
depth when the piece is rectangular.* Hence, if L denote the length of a piece of 
timber in feet, B its breadth in inches, E its thickness in inches, or A its area in 

square inches, we shall have ^ ^ or, — j — = E, where E is the extension as 
determined by experiment. If, now, we suppose L, W, B, E, or A, to become each 
a unit, we shall have ^ ^ ^ or — -^ — : E : : 1 : — ^^-^ = a (1) ; a constant quan- 
tity, which may thus be determined experimentally for all variety of materials. 

73. — ^We have but few experiments that have been made with the intention of 
obtaining data for this case ; but while the elasticity of the timber remains perfect, 
the following values of a are deducted from experiments on the resistance to trans- 
verse or cross strains. 

Tablb I. — Of Constant Numbers for the Besiatanoe to Tetmon. 



British Timber 



Eoreign Timber 



rOak a = -00013 

Larch a = -OOOU 

Scotch Eir a = -00015 

LAsh a = '00010 

Memel or Riga Yellow Eir a = -00016 

Norway Yellow Eir a = -00011 

American Pine a = -00024 

White Spruce a = -00013 

Oak from Riga a = -00012 

Oak from America a = -000125 



v. 



a = -000000045, or 



r a bar 1 inch square is stretched 

Malleable Iron,.. Enghsh ] loooo ^h part of its length for 

C each ton. 

* Barlow's Treatise on the Strength of Wood, Iron, and other Materials ; edition of 1851. See also 
Tredgold's Essay on Cast Iron. 
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74i. — Rule I. Multiply the weight in pounds to he suspended, hy the length 
of the suspending piece in feet ; this product multiplied hy the dedmal corre- 
sponding to the kind of wood) and divided by the area of the piece in inches, will 
give the extension also in inches. The extension of beams strained in the direc^ 
tion of their length being very small, this inquiry is of very little practical 
importance.* 

Of the Strength of a Beam to resist a Strain in the direction of its Length. 

75. — ^The strength to resist a weight that will produce fracture is as the area 
of the section. Consequently, 

Rule II. Multiply the area of the section in inches, by the weight that will 
tear asunder a bar an inch square of the same kind of wood, and the product will 
be the weight in pounds the piece will just support ; but the greatest constant 
load any piece should be allowed to sustain ought not to exceed one-fourth of this. 
The same rule applies to iron, and to the cohesion of timber when it is pulled 
asunder at right angles to the direction of the fibres. 

The following table contains the results of the chief experiments that have 
been made on the direct strength. Muschenbroek*s were made with much care, 
and give the full measure of the cohesion as he found it ; Mr. Barlow's comparison 
is interesting on account of its being chiefly directed to the kinds of wood most 
frequently in use ; and to these we are now able to add the later inquiries of Mr. 
Sevan. 

* It should not be neglected, however, in any case. It enables ns so to cut all the tensile pieces of a truss 
that, though originally shorter than in the design, they may be stretched into exact accordance with it ; and 
a contrary allowance being made in the compressed pieces, that unchangeableness of form and strains will 
result which Dr. Bobison called the finest test of good carpentry, and which has hitherto depended solely on 
the workman's experienced guessing, but would thus be made matter of science, as it ought to be. — £d. 



§n.] 



SE8ISTAKCE OV TDfBEB. 



41 



76 ^Table II. — Cohesive Force of a Square Inch of different Woods* 



Kind of wood, and 
ipecifle gravity. 


Cobeskni of ft 

Bqoare inch in 

poandi. 


Ezperimflutdift 


Oak, English *7 

Oak 

Ditto 

Ditto, dr}'> from 

English J to 
Ditto, black) ^^ 

bog....r^ 


19,800 
17.300 
13,950 
12.000) 
8,889] 

7,700 


Bevan. 

Muschenbroek. 

Rondelet. 

Barlow. 
Bevan. 


Beech "72 

Ditto 

Ditto 


22,000 
17.709 
1 1,500 


Bevan. 

Muschenbroek. 

Barlow. 


Alder. ; 


14,186 


Muschenbroek. 


Sycamore . . *69 


13,000 


Bevan. 


Chesnut,Spani8h 
Ditto -61 


1 3,300 
10,500 


Rondelet. 
Bevan. 


Ditto '84 

Ditto 


17,850 1 
16,784 j 
16,700 
12,000 


Barlow. 

Bevan. 
Muschenbroek. 


Elm -69 

Ditto 


14,400 
13,489 


Bevan. 
Muschenbroek. 


Acacia 

Ditto -85 


20,582 
16,000 


Muschenbroek. 
Bevan. 



Kind of wood, and 
specific gisTity. 


Cohesion ofn 

Bqoare inch in 

pounds. 


Experimentalist. 


Mahogany. . *87 
Ditto 


21,800 
8,000 


Bevan. 

Barlow. 


Walnut 

Ditto -59 


8,130 
7,800 


Muschenbroek. 
Bevan. 


Teak 

Ditto, old . . -53 


15,000 
8,200 


Barlow. 
Bevan. 


Poplar -36 

Ditto ..{[r 


7,200 
6,641*) 
4,596 i 


Bevan. 
Muschenbroek. 


Norway pine*66 
Petersburg ) ,^g 
ditto . . 3 

Fir ( ^™ 
rir .... ^^ 

Ditto 

Pitch pine 

Norway pine. . 


14,300 

13,300 

13,448 1 

11.000 3 

8,506 

7,818 

7.287 


Bevan. 
Bevan. 

Barlow. 

Muschenbroek. 
Muschenbroek. 
Rondelet. 


Larch 

Ditto -57 


10,220 
8,900 


Rondelet. 
Bevan. 


Cedar .... -54 
Ditto 


11,400 
4,973 


Bevan. 
Muschenbroek. 


LanceWoodl-01 


23,400 


• 

Bevan. 

- . ., 



* In this table all the experiments were made by pulling specimens of the woods asunder in the direction 
of their length. Muschenbroek's are from his Intro, ad Phil. Nat. tom. i.^ pp.414, 415 ; Barlow's, from his 
Essay on the Strength of Timber, pp. 76 — 78; Rondelet' s, from vol. iv. of L' Art de B&tir; and Sevan's, 
from the Phil. Mag. vol. Izviii. pp. 270, 343 ; 1 826. In the first edition, values of strength were given on 
the authority of Emerson and Anderson ; but they were obriously erroneous, and therefore are cancelled. 
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77. — ^Tablb III. — CoJieeion of a Square Inch pulled asunder in a Direction 

perpendicular to the Length of the Fibres. 



Kind of wood. 

Oak 

Poplar 

Larch 

Meroel fir • • • . 
Scotch fir .... 



Gohesioii of a square inch per- 
pendicolar to fibres, in pounds. 



2316 
1782 
firom 970 to 1700 
540 to 840 
562 



EiperiujentftHst. 



1 



Tredgold. 

Idem. 

Idem. 

Bevan. 

Idem. 



Emerson states, that tough wood, such as ehn and ash, is firom 7 to 8, and 
even ten times weaker across the grain than when strained in the direction of the 
fibres ; and that straight-grained woods, such as fir, are from 16 to 20 times weaker 
than in the length of the fibres. This appears however to be very questionable. 
Indeed, Emerson is not good authority on these subjects, his experiments do not 
appear to have been made with sufficient care and accuracy. 

78. — ^The cohesive force of difierent kinds of iron is shewn in the foUovmig 
table, which will be of service in finding the dimensions of straps, &c. 

Tablb IV. — Cohesioe Force of Iron. 



Kind of Iron. 


Cohesion of a 

square inch in 

pounds. 


ExperimentiJist. 


Ironwire 

Ditto 

Swedish h'on . . 

Ditto 

Ditto 

Ditto 

Gkrman iron . . 

Engliah ffrom 

iron. Ito 

Ditto 

Ditto 


113.077 
93,964 
78,850 
72,064 
64,960 
53.244 
69,133 
66.000\ 
55,000/ 
61,600 
56,000 


Sickengen. 

Telford. 

MuBchenbroek. 

Rennie. 

Telford. 

Brown. 

MuBchenbroek. 

Rumford. 

Telford. 
Barlow.* 





Cohesion of a 




Kind of Iron. 


square inch in 
pounds. 


Experimentalist. 


English iron . . 


55,772 


Rennie. 


Welsh iron .... 


64,960 


Telford. 


Ditto 


55,776 


Brown. 


French iron.. .. 


6U041 


Perronet. 


Russian iron . . 


59,472 


Brown. 


Cast iron 


68,295 


Muschenbroek. 


^Vi?y}'-n« 


32,700 


Bevan. 


Ditto 


19,488 


Rennie. 


Ditto, Welch .. 


16>255 


Brown* 



The load upon a square inch, either of wood or iron, should not exceed one- 
fourth of the weight that would produce fracture. 

* This number is deduced from the mean of a great many experiments, made by permission of the 
Admiralty, on the Testing Machine, in the dock-yard at Woolwich, on round bars of 1 and 1^ inch diameter, 
and on square bars of 1 to 2^ inches section. Barlow's Treatise on the Strength of Timber, Iron, &c. ed. 
of 1851. The authorities marked Telford and Brown are also from the same work. 
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ON THE RESISTANCE TO CROSS STRAINS. 

OF THE STTFPKESS OF BEAMS TO RESIST CROSS 8TBAINS. 

79. — When a weight is laid upon the middle of a piece of timber which is sup- 
ported only at the ends, it always bends more or less. When the weight bends 
the piece in a very small degree, the wood is said to be stiff ; when the bending is 
considerable, it is called flexible. 

The stiffness of beams is proportional to the space they are bent through by a 
given weight, when the lengths are the same : but that two pieces of different 
lengths may be equally stiff, the deflexion, or bending, should be proportional to 
their lengths. Eor a deflexion of one-fourth of an inch in a joist 20 feet long 
would not be attended with any bad effect ; but if a joist 4 feet long were to bend 
one-fourth of an inch, it would be totally unfit for its purpose. Hence the rules 
given by mathematical writers for determining the stiffness of beams, are not 
adapted to the carpenter's purpose ; yet they are perfectly correct, on the prin- 
ciple of making the deflexion always the same, whatever the length may be ; and 
the rules given in this work may be immediately derived from them, by making 
the deflexion proportional to the length, as it ought to be. 



OF THE STIFFNESS OF BEAMS SUPPORTED AT BOTH ENDS. 

80. — When a beam is supported at the ends only, in a horizontal position, and 
the weight rests upon the middle between the points of support, the laws of 
deflexion may be determined as follows : 

The extension of any part of the beam is directly as the force which produces 
it ; and it is known by experiment that the deflexion is as the weight, all other 
things being the same ; therefore the deflexion is as the extension. 

Now the effect of a force to produce extension is as the leverage it acts with, 
and as the force itself : but the leverage is proportional to the length of the beam ; 
therefore the extension, as depending on the force, is as the length and weight 
directly ; and as depending on the resistance, it is inversely as the breadth and square 
of the depth, as is shewn by writers on the strength of materials ; but the extension 
will be also directly as the number of parts extended, that is, directly as the length ; 

G 2 
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and as the quantity of angular motion the extension of each part causes ; which 
will be as the length directly, and depth inversely. Uniting these proportions, we 
find the extension will be as the weight, and cube of the length, directly, and as 
the breadth, and cube of the depth, inversely ; consequently, the deflexion will be 
in the same proportion, that is, making L = the length of bearing in feet, W = 
the weight in pounds, B = the breadth in inches, and D = the depth in inches, 

•p ^ p, is as the deflexion.* 

81. — But in order that a beam may be equally stiff, according to the definition 
of stiffness given in a preceding Article (Art. 79), the deflexion should be inversely 
as the length ; consequently, the weight that .a beam will sustain, so that the de- 
flection shall be proportional to the length, is £ts the breadth and cube of the depth 

B X D* 

directly, and as the square of the length inversely ; or ^ j^^ = W. (2.) That is, 

L* X W 

denoting the deflexion in inches by d, ^ x D^ x d ~ ^ constant number for the same 

material. 

82. — The quality of timber being the same, a beam will be stronger in propor- 
tion as its depth is greater ; but there is a certain proportion between the depth 
and breadth, which, if it be exceeded, the beam will be liable to overturn, and 
break sideways. To avoid which, the breadth should never be less than that given 
by the following rule, imless the beam be held in its position by some other means. 

Rule III. Divide the length in feet by the square root of the depth in inches, 
and the quotient multiplied by the decimal 06 will give the least breadth that 
should be given to the beam. 

When the depth is not determined by other circumstances, the nearer its form 
approaches to that determined by the rule, the stronger it will be ; and, from the 
same rule, another is easily obtained which will shew the advantage of making 
beams thin and deep. 

83. — To find the strongest form for a beam, so as to use only a given quantity 
of timber. 

Rule IV. Multiply the length in feet by the decimal 0*6, and divide the given 
area in inches by the product ; and the square of the quotient will give the depth 
in inches. 

Example. If the bearing be 20 feet, and the given area of section be 48 inches ; 

then, ^.^ ^ ^^ = j2 = 4 and the square of 4 is 16 inches, the depth required ; and 

* The same result is obtained by a different process by Dr. Thomas Yomig, Nat. Phil. vol. ii. art. 883 
or Dr. Jackson's Theoretical Mechanics, p. 274. 
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the breadth will be 3 inches. A beam 16 inches by 3 would bear more than twice 
as much as a square beam of the same area of section ; which shews how impor- 
tant it is to make beams deep and thin. In many old buildings, and even in new 
ones, in country places, the very reverse of this has been practised ; the principal 
beams beiag oftener laid on the broad side than the narrower one.* 

84. — The stiffest beam that can be cut out of a round tree, is that of which the 
breadth is half the tree's diameter, or is to the depth as 1 is to the square root of 
3,t or as 1 i^ to 1*732, nearly ; or as '58 is to 1 : and, as this is in general a good 
proportion for beams which have to sustain a considerable load, and where it 
would be impossible to get them deeper on account of the size of the tree, we may 
substitute this value of the breadth in the equations (2.) and (3.), which then become 

Lxe-^)*=D'. (4.) 

And for incUned beams, L X (^-^^^g52Lf )i = D«. (5.) 

The geometrical construction of the figure of the stiffest beam is extremely 
simple. With the radius of the circle, step round its circumference, and having 
numbered the six points of division, those numbered 1, 2, 4, 5, will be the four 
angles of the parallelogram, which is the figure of the stiffest beam that can be cut 
out of a cylinder. 



EXPERIMENTAL DATA. 

85. — Before these rules can be applied, the value of a must be obtained from 
experiments. 

It has been seen that the deflexion is as the weight and cube of the length 
directly, and as the breadth and cube of the depth inversely ; and consequently, 
that the stiffness is as the latter directly, and as the former inversely ; that is, the 

stiffness IS as isy. yr 

Supposing, therefore, the deflexion d to have been obtained experimentally in 

* To deep timbere there is one objection which is of consequence in these times ; they shrink more than 
shallow or flat ones in becoming dry : and where a house is finished in less than a season after the time the 
beams had been floating in the docks, it is not wonderful that the structure is deranged and ^ill of openings 
at the end of three or four years. 

t Young's Nat. Phil. vol. ii. art. 338. 
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any material, we should have u^ ^ Yf ~ ^ ^^^^^"^^ quantity, whichbeing given, 

the deflexion in any other case might be found. 

This constant has been found experimentally by various writers, but differently 
modified according to the circa mstanoes ; some giving it for beams fixed at one 
end, some when supported at each end, some taldng the length in feet, others 
inches, &c. The author, in his former edition, finds the constant a as follows : 
viz. the length is measured in feet^ the other dimensions in inches ; and the result 
is taken 40 times* what the above formula gives, viz. 

40xBxDaxrf _ 

And by this formula, the numbers or values of a, in the following pages, have been 
computed. 

EXPERIMENTS ON OAK. 

Duhamel made some experiments on oak, where the scantlings were as large 
as they are generally used in buildings ; and as the results of experiments on large 
pieces will be most highly valued by the generality of readers, I shall here describe 
as much of them as is applicable to the present purpose. 

A piece of oak 9'6 inches deep and 10*66 inches in breadth, was placed upon 
two supports 24*6 feet apart, and a weight of 8198 pounds was suspended from the 
middle, which bent it in the middle 3*73 inches. The piece broke with 9613 poimds, 
but it was found to have been faulty. Hence the value of a by the formula is 
00114. 

Another piece of oak, which was very sound and straight-grained, the depth 12*2 
inches, the breadth 10*66 inches, and the bearing 24*5 feet, with a weight of 8198 
pounds bent 2*65 inches. Whence a = 0*0157. The piece broke with a weight 
equivalent to 19,666 pounds applied to the middle. 

A third piece of oak, which was sound and straight*grained, was tried ; the 
depth was 13*83 inches, the breadth 12*8 inches, and the length 24*5 feet ; and 
with a weight of 8198 pounds it bent an inch in the middle. f Therefore a = 0*011. 

These are the only experiments on oak made on a large scale, where the de- 
flexion has been measured while the elasticity of the pieces remained perfect, ex- 
opting Girard's experiments. The following table contains the results of the 
author's own experiments, together with a selection from other writers. 

♦ See art. 89. 

t M^moires de TAcad^mie des Sciences, Paris, 1768, p. 535 —537. 
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86. — ^Table V. — Experiments on the Stiffness of Oak* 



KiadofOiOc. 



Old Ship Timber 

Oak from yomig tree, ^ 
King's Langley, \ 
Herts ) 

Oak from Beaolieu,) 
Hants ) 

Ditto, another ^ci-| 
men ) 

Oak frt)m old tree 

Oak from Biga 

English oak 

Canadian oak 

Dantzicoak 

Adriatic oak 

English oak 

Ditto, green 

Dantzic oak, seasoned 

Oak, seasoned 

Oak, green 

Oak, green 

Oak 

Oak (bob du brint) ... 
Oak (quercus sesili-') 

flora) ) 

Oak (qiiercus robnr^) 



Spediic 
pTBTity. 



•872 



•868 



•616 

•736 

•625 

•688 
•960 
•867 
•787 
•948 
•748 
•763 
•755 



•807 
•879 



■ \ 



Length 
infiMt. 



2-5 



2-5 

2-5 

2 
2 

7 

7 

7 

7 

2-5 

2-5 

2-5 

12-8 

6-87 
23-58 

8-52 
16-86 

2 

2 



BnndUi 
in inches. 



1 

1 

2 

2 

2* 

2 

1 

1 

1 

3-19 

5-3 

5-3 

506 

10-66 

1 

1 



Depth 
in inches. 



1 
1 

2 
2 
2 
2 
1 
1 
1 

319 

5-3 

53 

6-22 

11-73 

1 

1 



Deflexion 
in inches. 



Weight pro- 
ducing the 
deiection in 
pounds. 



( 



0-5 
06 

0-5 

0-5 

0-6 
0-5 
1-275 
1-07 
1-26 
1-55 
0-5 
0-5 
0-5 
106 
4-25 
•433 
2-7 
0-709 
0-67 

0-35 

0-35 



127 
237 

78 

65 

103 
233 

200 

225 

200 

150 

137 

96 

148 

268 

803 

7687 

706 

4146 

4659 

149 

167 



Values of 
a. 



•00998 



•0105 



•0164 

•0197 

•024 

•0107 

•0119 

•009 

•0105 

•0193 

•00934 

•0133 

•0087 

•008 > 

•0105) 

•005 

•0095 

•0133 

•0213 

•0117 

•0104 



Authorities. 



C Tredgold's 
I experiments. 

Idem. 



Idem. 

Idem. 

Idem. 

Idem. 

Barlow. 

Idem. 

Idem. 

Idem. 

Ebbels* 

Idem. 

Tredgold. 

Aubry. 

BnfTon. 
Idem, 
(jirard. 
Idem* 

Tredgold. 

Idem. 



A Table of experiments on metals may occasionally be useful, 



Kind of metal. 

1 


Specific 

grayity. 


Length 
mfeet. 


Breadth 
in inches. 


Depth 
in inches. 


Deflexion 
in inches. 


Weight in 
pounds. 


Valves of 
a. 


Anthoittles. 


Iron, malleable, 1 
Swedish j 

Iron, malleable, ) 
English 5 

Ditto, cast 


7-62 
7-21 


6-5 

5-5 
6-5 


1 
1 


1 

1 
3 


0125 

015 
0-76 


58 

58 
440 


•00051 
•00062 


Tredgold. 

Idem« 
Idem. 



• For further experiments on this subject, see Tr^dgold's " Essay on the Strength of Iron and other 
Metals," 1842. Sect. v. & vi. See abo Barlow's Treatise on the Strength of Timber, Iron, and other Ma- 
terials ; edition of 1851. 

t " Bois du brin," timber the whole size of the tree, excepting that which was taken off to render it square. 

X See Section X. art. 376, where the characters of these species are described. 
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87. — ^Tablb VI. — Experiments on the Stiffness of Fir. 



Kind of fir. 



Riga yeUow fir, me-| 
dium 3 

Yellow fir, from 
Long Sound, Nor- 
way 

Yellow fir, Riga ] 

Ditto, Memel, me- C 

diimi ( 

American* pine Biip-") 

posed to be the > 

Weymouth pine... ) 
White spruce, Chris-") 

tiana J 

White spruce, Quebec 

Pitch pine 

New England fir 

Riga fir 

Scotch fir, Mar Forest 
Larch, Blair, Scot- ') 

land, dry ) 

Ditto, seasoned, me-| 

diimi 3 

Ditto, very young 1 

wood 3 

Scotch firt 

Spruce fir, British 

Fir (bois du brin) 

Fir (bois du brin) 

Cowrie 

Red pine 

Yellow pine 



Specific 


Length 


gravity. 


in feet. 




18 


•6398 


2 


•480 


25 


•464 


2-5 


•553 


25 


•544 


25 


•460 


2 


•407 


3 


•512 


2 


•4650 


2 


•712 


7 


•560 


7 


•765 


7 


■715 


7 


•622 


2-5 


•644 


25 


•554 


2-5 


•396 


2-5 


•529 


2-5 


•555 


2-5 




213 




10-65 


•579 


4 


•544 


4 


•439 


4 



Breadth 
in inches. 



1 
1 
1 
1 

1 
1 



1 
2 
2 

2 
2 



10-48 
1048 

3 

3 

3 







Weight pro- 




Depth 


Deflexion 


ducing the 


Values of 


in inches. 


in inches. 


deflection in 
pounds. 


a. 




0.25 


103 


•0115 




05 


261 


•00957 




0-5 


12gi 


•0102 




0-5 


116 


•Oil 




0-5 


143 


•0089) 
•0088 3 




0-5 


145 




0-5 


237 


•0105 1 
•0112 3 




0-5 


169 




0-5 


261 


•00957 




0-5 


180 


•0138 


2 


133 


150 


•0166 


2 


•970 


150 


•0121 


2 


•912 


150 


-01137 


2 


1-560 


125 


•0233 


1 


05 


93 


•0137 




0-5 


101 


•0126 




0-5 


112 


•0111 




0-5 


45 


•0284 




0-5 


89 


•01437 




0-5 


103 


■0124 


10-48 


102 


4389 


•0115 


1048 


0-2245 


4122 


■022 


3 


0-29 


1680 


•0088 


3 


0-36 


1680 


•0109 


3 


0-37 


1680 


•0112 



Authorities. 



Tredgold. 

Idem. 

Idem. 
Ebbels. 

Tredgold. 
Idem. 

Idem. 

Idem. 

Barlow. 

Idem. 

Idem. 

Idem. 

Tredgold. 

Idem. 
Ebbels. 

Tredgold. 

Idem. 

Ebbels. 

Girard. 

Idem. 

Fincham. 

Idem. 

Idem. 



* The reader will find an extensive table, containing the strength, &c. of various American woods, in 
vol. ii. Trans. Inst. Civ. Engineers, by Lieut. Dennison, R.E. 

t The tree from which this specimen was taken was grown in Buckinghamshire. 
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88. — ^Table VII. Experiments on the Stiffness ofvarioue Woods. 



Kind of wood. 


Speeii&c 
gravity. 


Length 
in feet. 


Breadth 
in inches. 


Depth 
in inches. 


Deflexion 
in inches. 


Weight pro- 

dncing the 

deflection in 

ponnds. 


Values of 
a. 


Authorities. 


Ash from yomig ^ 
tree, white co- V 
loured ) 

Ash from old tree, | 
red coloured j 

Ash, mediimi quahty . . . 

Ash 


•811 

•753 

•690 
•760 
•688 
•744 
•632 
•658 
•540 
•544 
•486 
•625 
•511 
•405 
•483 
•483 
•920 

•875 

•820 
•648 
•555 
•720 
•690 
•763 
•374 
•560 
•853 
•590 
•792 
•690 


2-5 

2-5 

2-5 

7 

7 

7 

4 

4 

7 

2-5 

2-5 

2-5 

2-5 

2-5 

25 

2-5 

2-5 

25 

25 
25 
2-5 
2-5 
2-5 
25 
2-5 
2-5 
2-5 
2-5 
2-5 
2-6 


1 

1 

1 

2 
2 
2 
3 
3 
2 


1 

1 
1 

2 
2 
2 
3 
3 
2 


0-5 

0-5 

0-5 

1-27 

1025 

1-276 

0-32 

0-25 

1-42 

0-5 

05 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 
0-5 
0-5 
0-5 
05 
0-5 
05 
0-5 
0-5 
0-5 
0-5 
0-5 


141 

113 

78^5 

225 

150 

300 

1680 

1680 

125 

995 

36 

65 

84 

41 

79 

84 

62 

68^5 

125 
99-5 
80-5 
90-5 
975 
92 
56.5 

118 
93 
76 
59-5 
92-5 


•009 

•0113 

•0163 

•0105 

•01277 

■0076 

•0097 

•0076 

•0212 

•0128 

•0355 

•0197 

•0152 

•031 

•0162 

•0152 

•020 

•0187 

•0102 

•0128 

•0159 

•0141 

•0131 

•014 

•0224 

•0109 

•0137 

•0168 

•0215 

•0138 


Tredgold. 

Idem. 

Ebbels. 

Barlow. 

Idem. 

Idem. 

Pincham. 

Idem. 

Barlow. 

Ebbels. 

Tredgold. 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 

Ebbels. 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 

Tredgold. 

Idem. 

Ebbels. 

Idem. 

Idem. 


Beech 


Teak 


Poona (top) 


Ditto (butt) 


Elm i 

Cedar of Lebanon 

Maple, common 


Abele 


WiUow 


Horse Chesnut 


Lime tree 


Wahiut, ereen 


Spanish diesnut, | 

.gf^en 3 

Acacia, green 

Plane, dry 


Alder, ditto 


Birch, ditto 


Beech, ditto 


Wych ehn, green 

Lombardy poplar, dry . . . 
Honduras mahogany . . . 
Spanish do 


Sycamore 


Pear tree, green 


Cherry tree, green 
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88 a. — Table of Experiments on Oak from the Royal Forests. 



Name of Forest. 



High Meadow Forest 

Ditto 

Parkhuret Forest ") 

(sawed) ) 

Dean Forest 

Ditto 

New Forest (cleft)... 

Ditto (sawed) 

Bere Forest (sawed) 

Ditto 

Ditto 



Specific 
gravity. 



•7926 
•7563 

•8770 

•747 
•799 
•822 
•723 
•714 
•732 
•839 



Length 
in inches. 



22 
22 

22 

22 
22 
22 
22 
22 
22 
22 



Breadth 
in inches. 



•97 
•95 

•98 

•95 
•97 

1-0 

1-0 

1-0 

1^0 

1^0 



Depth 
in inches. 



■96 
•95 

•95 

•95 
•97 

1-0 

1-0 

1-0 

1^0 

1-0 



Depression increased 

wiui time when loaded 

to this degree. 



Load in 
pounds. 



80 
60 

90 

70 
80 
70 
80 
70 
70 
80 



Deflection 
in inches. 



0-25 
0162 

0-235 

018 

0155 

0-21 

0112 

0155 

01 

014 



At the first firactnre. 







Load in 


Deflection 


pounds. 


in inches. 


400 


2-9 


390 


2-4 


370 


2-6 


340 


115 


410 


1-45 


410 


40* 


415 


1-35 


360 


115 


477 


1-5 


380 


11 



Values 
of a. 



•0175 
•0143 

•0138 

■0137 
•0112 
•0195 
•0091 
•0142 
■0093 
•0113 



Means 



•0134 



Values 
of c. 



89. — It has been stated (art. 85) that 



40 B X D* X </ 
L3W 



== a; therefore when it 

B X D3 



amounts to ^ th inch per foot, pr 40 X d = L, the formula becomes j^^^ = a ; 

and the following rules are constructed accordingly. When the deflection is 
required to be less than is here assumed, then multiply the constant number a by 
some number that will reduce the deflexion to the proposed degree ; for instance, 
if the deflexion should be only half of one-fortieth, multiply a by 2 ; if one-third 
of one-fortieth, multiply a by 3, &c. Also, if the deflexion may be greater than 
one-fortieth per foot, divide a by 2, 3, or any number of times that the proposed 
deflexion may exceed one-fortieth of an inch per foot. 



* Slipped through between the supports, and retained a ciirvature of 2*1 inches, which was found to have 
decreased to 1^75 inches about 24 hours afterwards. The author has in another place noticed the advantage 
spUt timber possesses in respect of strength (art. 365.) 

At an average the deflection began to increase with the time when the load was about one-fifbh of the 
breaking weight, and the piece retained a permanent set ; the deflection is that which the piece took after 
the load had been at least 12 hours upon it. The specimens are all of very good quality : they were selected 
as the average qualities of the forests, and were procured by Mr. John White for the purpose of making 
these experiments. 
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By means of the above experiments, and the equations (2.) and (3.) (art. 80. 
and 81,) the scantling of a piece of timber may easily be determined : for the use 
of those who do not understand algebraic expressions, the rules are given at length 
below with examples. 



RULES POR THE STIEPNESS OE BEAMS. 



90. — To find the scantling of a piece of timber that will sustain a given 
weight when supported at the ends in a horizontal position. 



Case 1. — When the Breadth is given. 

EULB V. Multiply the square of the length in feet by the weight in pounds, and 
this product by the value of a opposite the kind of wood in the preceding tables, 
(Table V. VI. or VII.) Divide the product by the breadth in inches, and the cube 

root of the quotient will be the depth required in inches. Or D = J ^^^^^^'^"- 

Example. A beam of Norway fir is wanted for a 24-feet bearing to support 
900 pounds, and the breadth to be 6 inches; required the depth? Here 
24 X 24 X 900 X -00957 ^327, and the cube root of 827 is 0-38, the depth required 
in inches. 



Case 2. — When the Depth w given. 

91. — Rule VI. Multiply the square of the length in feet by the weight in 
pounds, and multiply this product by the value of a opposite the name of the 
kind of wood in Table V. VI. or VII. Divide the last product by the cube 
of the depth in inches, and the quotient will be the breadth in inches reqifired. 

^ - L3 X W X tab. N«. 

Or ft= 53 

Example. The space for a beam of oak does not allow it to be deeper than 
12 inches ; to find the breadth so that it may support a weight of 4000 pounds, 

the bearing being 16 feet. Here iiii.^^^!^^i^==9f inches nearly, the 

breadth required. 

h2 
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92. — But, generally, neither the breadth nor depth is given : in this case it 
will be best to fix on some proportion which the breadth should have to the 
depth; for instance, suppose it to be convenient to make the breadth to the 
depth as 0"6 is to 1, then the rule would become as follows : 

Rule VII. Multiply the weight in pounds by the value of a opposite the 
kind of wood in the foregoing Tables (Table V. VI. or VII.) ; divide the product 
by 0'6, and extract the^ square root. Multiply this root by the length in feet, and 
extract the square root a second time, which will be the depth in inches required. 
The breadth is here equal to the depth multiplied by the decimal 0*6. It is obvious, 
that any other proportion of the breadth and depth may be obtained by merely 

changing the decimal 0*6 in the rule, D = V | L ^'^ — ^SvS^ — ~ \ 

Example. A beam of Riga fir is intended to bear a ton weight in the middle 
of its length, the bearing is 22 feet ; what should be the dimensions of the beam ? 

A ton is 2240 pounds. Here ^^^ ^ '^^^ = 41-066 ; the square root of 41'066 is 

6-4, nearly ; therefore 6*4 X 22 = 140-8 ; and the square root of 140-8 is 11-86 
inches, the depth required. And 11*86 X 'G = 7 '116 = the breadth. 

93. — ^When the beam is inclined the scantling will be found by the following rule : 

Rule VIII. Multiply together the weight in pounds, the cosine of the angle 

the beam makes with the horizon to a radius of unity, and the constant number 

a for the kind of wood ; divide this product by 0-6, and extract the square root of 

the quotient. Multiply this root by the length in feet, and extract the square root 

1- • 1- -n • i."L J i.i_ • • -L T\ / f T / W X COS. C X tab. N*. ^ 

agam, which will give the depth m mches ; or D = v •< L v -^ >• 

94. — Otherwise, let AB {fig. 22, Flate II.) be the beam, and BC a vertical 
line ; then AC will be the horizontal distance between the points of support. 

B/ULE IX. Multiply together the weight in pounds, the length of the beam in 
feet, the horizontal distance between the supports in feet, and the constant 
number a for the kind of wood ; divide this product by 06, and the fourth root 
of the quotient will give the depth in inches. According to either rule, the 
breadth is assumed to be equal to the depth multiplied by the decimal 0-6. 

Example. Let the length of the beam be 20 feet, and the horizontal distance 
between the points of support 16 feet, and the weight to be supported one ton, or 
2240 pounds, by a beam of Riga fir. Then 2240 x 20 x 16 x on ^ ^gg^^ . ^^^ ^^^^^ 

root of 13240 is lOf , nearly, and lOf X -6 = 6^, nearly ; therefore the beam should 
be lOf inches by 6^ inches. 
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WHEN THE BEAM IS FIXED AT BOTH ENDS AND LOADED IN THE MIDDLE. 

96. — The strain upon a beam fixed at both ends has excited much attention, 
in consequence of a supposed difference between the result of theory and experi* 
ments. If it had been possible to fix a beam so that it should not hare suffered 
extension beyond the point of fixing, the demonstrations of Emerson* and Professor 
Biobisonf would have been perfectly correct ; but it is evident that the beam will 
be extended beyond the point of support, and the quantity of extension must 
depend on the mode of fixing. According to the experiments of Belidor, the 
strength of a beam fixed at both ends is to the strength of a beam only supported 
at the ends as 3 is to 2. t M. Parent obtained nearly the same result. Mr. 
Barlow has also investigated this case in his Treatise on the Strength of 
Timber, &c., and has shewn that, both theoretically and practically, the strengths 
in the two cases are as 3 to 2. The stiffness will also be nearly in the same 
proportion. 

But we cannot in practice fix the ends of a beam into a wall without endanger- 
ing its stability; therefore, the determination of the stiffiiess of beams to suit 
such a case is not an object of much importance. 

When, however, a long beam AB is laid over several points of support, as in 
fig. 33, Plate III., a case of very common occurrence in building, the strength of 
the intermediate parts is nearly doubled, or twice as much as when the beams 
are cut into short lengths. Hence the carpenter will see the importance of using 
bridging and ceiling joists, and purlins, and rafters, in considerable lengths, so 
that a joist may extend over several binding joists, purlins over several trusses, 
and a rafter over several purlins ; also, by contriving so that the joinings shall not 
be opposite one another, a floor or roof may be made tolerably equal in strength. 
Hence, also, we see the importance of notching joists, purlins, and rafters over the 
supports, instead of framing them between. 



OF THE STIFFNESS OF CYLINDERS STJPPOETED AT BOTH ENDS. 

96. — ^When a solid cylinder is supported at both ends. Let D be the diameter 

* Emerson's Algebra, prob. 182, p. 464. 

t Art. Carpentry, Supplement to the Encyclopedia Britannica, 

X Sdenoes des Ingenieurs, liv. iv. chap. 3. 



54 EESISTAKOE OP TIMB£B« [§ !!• 

of the cylinder ; then in the same material — ^4— = a constant quantity, (6.) 

Now, it is shewn by Dr. Young that the stiflEaess of a cylinder is to that of its 
circumscribing rectangular prism, as three times the bulk of the cylinder is to four 
times the bulk of the prism ;* and by equation (2), art. 80, the stiffness of the 

prism is = ^ ^ ^3 . Therefore, 

^lelxL^ =W; or,r7a x L^ X W = D^ (7.) 

denoting, as usual, 3*1416 by w. 

From want of proper experiments this method of obtaining the stiffness of 
cylinders has been resorted to ; as the only experiments on cylinders, where the 
first deflexions are given, are those of Duhamel, which were made on very small 

specimens, t 

97. — ^To find the stiffness of a solid cylinder, or rather the dimensions, so that 
it may be capable of supporting a given weight ; and such that the deflexion shall 
not exceed one-fortieth of an inch for each foot in length. 

Rule X. Multiply the value of a for the kind of wood from the tables (art. 
86, 87, or 88) by 1*7, and multiply this product by the weight in pounds* Then 
multiply the square root of the last product by the length in feet, and the square 
root of the quotient will be the diameter of the cylinder in inches. 

JExample. A solid cylinder of elm is intended to support 10 hundred weight 
(or 1120 pounds), the length of bearing 10 feet ; required the diameter ? The 
constant number for elm being '0212, by one of the experiments in Table VII. 
art. 88. 

In this case we have 1*7 X '0212 X 1120 = 40*3648, and the square root of 
40-3648 is 6-35, therefore 10 X 6-35 =635 ; of which the square root is 7-97, or 
nearly 8 inches, the diameter required. 



OF THE STIPFNESS OF BEAMS WHEN STJPPOETED AT BOTH ENDS, AND THE WEIGHT 

TJNIPOEMLT DIFFUSED OVER THE LENGTH. 

98. — ^Where the weight is unifonnly diffused over the length of the beam, the 
deflexion does not increase in the same proportion as when it acts at one point. 
For where the weight is uniformly diffused it increases as the length, and the 

* Natural Philosopliy, vol. ii. art. 339, B. t Transport du Bois, p. 460. 
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deflexion will be as the fourth power of the length ; consequently, according to 
the definition of stiffness given in art. 79, the stiffiiess will be as the cube 
of the length. 

The stiffness of a beam uniformly loaded may be derived from the general 
proportion, BD* varies as I/W. 

This proportion applies to the case of the rafters and purlins of a roof, to 
ceiling joists, and binding joists which support ceilings only ; but it does not apply 
to flooring joists, because their stiffness is measured by the resistance offered to a 
strain at one point : a timber floor might seem stiff enough to support a uniform 
load, and yet shake very much by the weight of a single person moving over it. 

99. — The above method may be applied in cases where beams are similarly 
loaded, as in rafters, ceiling joists, &c. ; but another manner of determining the 
stiffness may be used in other cases. 

Por let W be the weight that is uniformly distributed over a beam supported 
at both ends ; then the deflexion produced by this weight uniformly distributed 
would be to the deflexion produced by the same weight collected in the middle of 
the length as 6 ; 8, or as 0*625 : 1.* Therefore, in the rules in art. 90, 91, 92, and 
93, it is only necessary to employ the weight in pounds multiplied by 0*625 instead 
of the whole weight, and the rest of the operation is the same as in those rules ; 
therefore it will not be necessary to repeat them. 



OP THE STIPPNESS OP BEAMS SUPPORTED AT ONE END. 

100. — ^When a beam is fixed at one end, as in fig. 84, Plate III. the deflexion 
is much modified by the method of fixing ; the deflexion being greater as the dis- 
tance AC is greater ; because the parts between A and C will be extended, and of 
course increase the deflexion. And as it is impossible to fix a bar so that it will 
not be extended beyond the point of support, there is much irregularity in the 
results of experiments on beams fixed in this manner. 

The forms of the equations (2.) (3.) (4.) (5.) (6.) and (7.) remain the same, 
only a different constant quantity must be used, which may be obtained from the 
following table of experiments. 

• The demonstration is given in the art. Carpentry, Supplement to the Encyclopaedia Britannica, p. 626, 
prop. F ; and in Barlow's Treatise on the Strength of Timber ; and also is evident from art. 326 and 330 of 
Dr. Young's Natural Philosophy, vol. ii. 



66 



EESISTANCB OF TIMBER. 



101.— Table VIII. Experiments on the Stiffness of Beams supported at One End. 



Kind of wood. 


Spedflc 
gravity. 


Length 
in feet. 


Breadth 
in inches. 


Depth in 
inches. 


Deflexion 
in inches. 


Weight pro- 
ducing the 
deflexion in 
pounds. 


Values of 

constant 

quantity 

b. 


Authorities. 


Dantzic oak 


•854 
'922 

•537 

•605 
'544 
'504 
'467 
•626 
'654 


4 
4 
4 
4 
4 
8 
2 
2 
2 
2 
2 
2 


2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 


2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 


2-5 

1176 

15 

1-34 

112 

3-375 

1.02 

1-42 

132 

100 

•75 

'62 


112 
112 

112 

112 

112 

221 

1120 

1120 

1120 

1120 

1120 

1120 


•232 

•105 

•1335 

•12 

•099 

•313 

•37 

'51 

•48 

•36 

•27 

•224 


Beaufoy. 

Idem. 

Idem. 

Idem. 

Idem.* 

Barlow. 

Fincham. 

Idem. 

Idem. 

Idem. 

Idem. 

Idem. 


'Rngliflh nalr , 


Ditto, another specimen 
Riffa fir 


o ^^ 

Pitch pine 


Beech 


Biera fir 


Red pine 


American spruce 


Adriatic fir 


Cowrie 


Poona 





102. — As beams fixed at one end are not frequently used in the construction 
of buildings, it will not be necessary to repeat the rules in words at length. 

When the beam is fixed in a horizontal position, \ L X ( ^ o-6^ ) f == •'^' (^0 

And 0-6 D = B. 

When the beam is inclined, and c is the angle of inclination, 

h X cos. c X W^i) i 

(9) - 



[..( 






And 0-6 D = B, 

When a solid cylinder is fixed at one end, (L x (1-7 b X W)*|*= D. (10.) 

Where the value of b may be obtained from the preceding table, and the 
deflexion is calculated to be one-fortieth of an inch per foot in length. 

WHEN THE WEIGHT IS XJNITOEMLY DIFFUSED OVEE THE LENGTH OP BEAMS 

FIXED AT ONE END. 

103.— When the weight W is uniformly diffused over the length of the beam, 

• In Colonel Beaufoy's experimentB the mean result has heen taken of the most regular of his experi- 
ments, and the deflexion converted into inches. His experiments are published in Thomson's Annals of 
Philosophy, vol. ix. p. 274. Mr. Fincham's are from the Papers on Naval Architecture, published by 
Messrs. Morgan and Creuze, vol. i. 
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the deflexion is to the deflexion of a beam loaded in the middle as '75 : 2 ; or as 
•375 : 1. Therefore, instead of W, in the above equation, substitute "376 W, and 
the scantlings for beams uniformly loaded may be obtained. 



ON THE STRENGTH OF BEAMS TO RESIST CROSS STRAINS. 

104. — As it may sometimes be desirable to know the greatest weight a beam 
will bear without fracture, the following rules aflFord the means of obtaining it 
sufficiently near for practical purposes. The effect of deflexion is neglected, 
because it does not produce any material difference, unless the depth be very 
small and the length be considerable ; a case which can rarely happen in the 
construction of buildings : it is further of importance to remark, that one-fifth of 
the breaking weight causes the deflexion to increase vdth time, and finally pro- 
duces a permanent set. 



STRENGTH OF BEAMS SUPPORTED AT BOTH ENDS. 

It is shewn by writers on the strength of materials, that the strength 
of rectangular beams supported at both ends is directly as the breadth and 

square of the depth, and inversely as the length.* Therefore, ^ = W. (11.) 

Where c is a constant number to be ascertained by experiment. 
106. — When a square beam is strained in the direction of its diagonal, its 
strength is less in the proportion of 07071 tol.t 

106. — The strength of a solid cylinder is as the cube of its diameter ; J therefore, 

Ll^=^- (12.) 

A hollow cylinder is both stronger and stiffer than a solid one containing the 

same quantity of matter ; therefore, when it is desirable to combine strength and 

lightness, cylinders may be made hollow. In timber this is rather too expensive 

an operation to be often employed, but there are cases where it is useful. The 

* Emerson's Mechanics, sect. viii. prop. 67 ; Ghregoiy's Mechanics, vol, i. art, 169 and 170 ; Young's 
Natural Philosophy, vol. ii. art. 335. 

t Philosophical Magazine, vol. i. p. 418. The proportions given by Dr. Gregory in this case are not 
correct. 

I Emerson's Mechanics, sect. viu. prop. 67, cor. 4 ; Gregory's Mechanics, vol. i. art. 169, cor. 2. 

I 
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strength of a tube, or hollow cylinder, is to the strength of a solid one, as the 
diflference between the fourth powers of the exterior and interior diameters of the 
tube, divided by the exterior diameter, is to the cube of the diameter of a solid 
cylinder : the quantity of matter in each being the same,* 

107. — ^The strongest beam that can be cut out of a round tree, is that of which 
the depth is to the breadth as the square root of 2 is to 1 ; t or nearly as 7 is to 
5. And the strength of a square beam cut from the same cylinder, or round tree, 
is to the strength of the strongest beam nearly as 101 is to 11 ; but the square 
beam would contain more timber, nearly in the ratio of 6 to 4*714. 



EXPERIMENTS ON THE STRENGTH OF BEAMS SUPPORTED 

AT BOTH ENDS. 

108. — On this kind of strength the experiments are most numerous, and some 
of the most important are collected in the following table. 

* For an investigatioii of this rule, see Tredgold's '' Essay on Cast Iron ;^' and in various other instances, 
where the investigations are not given in this work, they will he found hy reference to that Essay. 

t This was first demonstrated by M. Parent, in the M6moires de TAcademie, Paris, for 1708 ; the 
question presents a simple case of Tnairima et minima, and will he interesting to some of our readers. 

Calling the diameter ^, the depth d, and breadth 5, we have obviously d^ = ^ — 5^^ or 5* = 3^ — i^. 

Now the strength being as <^ 5, we must have d^ h ^ S^h — l^, a maximimi : whence, 5^ = 3 5* ; or 

Again : 5 = V (j^ — d^; whence, h d!^ ^^ d^ ^/ {i^ — d^, a maximum ; or 5^ (^ — <?^, a maximum ; 
whence 4 ^^ J8 - g^s. ori2= \Z^,qt d=zZ ^ \, That m, d i hii^\ : ^ i :: ^ 2 : 1. 

Also, since ^ = ^ ^, and ft = ^ V-J, the strength of the strongest beam is as ^ -^ i x ^*. 

Now the side of the square beam being V i, the strength is as i -^ i : whence the ratio of the strength 
i8asi^/i:i^i::V^:Vt::V32 : ^27 ; or as 110 : 101, nearly. 



§11.] 



BESISTANGE OF TIMBER. 



59 



Table IX. — JExperiments on the Strength of Woods. 



Kind of wood. 



Oak, English, young tree 
Ditto, old ship timber . . 

Ditto, from old tree 

Ditto, medium quality . . 

Ditto, green 

Ditto, from Kiga 

Ditto, green 

Beech, medium quality . . 

Alder 

Plane tree 

Sycamore 

Chesnut, green 

Ash, frt)m young tree 

Ditto, medium quality . . 

Ash 

Elm, common 

Ditto, wych, green 

Acacia, green 

Mahogany, Spanish, sea- ) 

soned ) 

Ditto, Honduras, seasoned 

Walnut, green 

Poplar, Lombardy 

Ditto, abele 

Teak 

Willow 

Birch 

Cedar of Libanus, dry . . 

Riga fir 

Memel fir 

Norway fir, from Long) 

Sound j 

Mar Forest fir 

Scotch fir, English growth 

Ditto, ditto 

Christiana white deal 

American white spruce . . , 
Spruce fir, British growth 
Ajnerican pine, Weymouth 
Larch, choice specimen . . 
Ditto, medium quality . . 
Ditto, very young wood. . 

Eiga fir 

Red pine 

Yellow pine 

Cowrie 

Poona 



Specific 



863 
872 
625 
748 
763 
688 
063 
690 
555 
648 
690 
875 
811 
690 
753 
544 
763 
820 

853 

560 
920 
374 
511 
744 
405 
720 
486 
480 
553 

639 

715 

529 

460 

512 

465 

555 

460 

640 

622 

396 

610 

54 

439 

579 

632 



Length 
infwt. 



2 

2-5 
2 

2-5 
2-5 
2 
11-75 
2-5 
2-5 
2-5 
2-5 
2-5 
2-5 
2-5 
2-5 
2-5 
25 
2-5 

25 

2-5 

2-5 

2-5 

2-5 

7- 

2-5 

2-5 

2-5 

2-5 

2-5 



2-5 

25 

2 

2 

2-5 

2 

2-5 

2-5 

2-5 

4 

4 

4 

4 

4 



Breadth 
in inches. 



5 



3 
3 
3 
3 
3 





Deflexion 


Weight- that 


Depth 


at the time 


broke the 


in inches. 


of fracture 


piece in 




in inches. 


pounds* 




1-87 


482 




1-5 


264 




1-38 


218 
284 
219 


^ 


1-25 


357 


8-5 

1 


3-2 


25812 
271 
212 
243 
214 
180 




2-5 


324 
254 




2-38 


314 
216 
192 
249 

170 

255 

195 
131 




1-5 


228 




400 


820 




3 


146 
207 




2-75 


165 




1-3 


212 




115 


218 




1125 


396 




5-5 


360 




175 


233 
157 




•937 


343 




1-312 


285 
186 




1125 
3 


329 
253 
223 




1-75 


129 


3 




4530 


3 




3780 


3 




2756 


3 




4110 


3 




3990 



Values of 
the constant 



Authoritiea. 



964 
660 
436 
710 
647 
714 
595 
677 
530 
607 
535 
450 
810 
656 
785 
640 
480 
622 

425 

637 
487 
327 
570 
717 
365 
517 
412 
530 
645 

792 

315 
582 
392 
686 
670 
465 
658 
632 
557 
322 
670 
560 
410 
610 
590 



Tredgold. 

Idem. 

Idem. 

Ehbels. 

Idem. 

Tredgold. 

Bufibn. 

Ehhels. 

Idem. 

Idem. 

Idem. 

Idem. 

Tredgold. 

Ebbels. 

Tredgold. 

Ebbels. 

Idem. 

Idem. 

Tredgold. 

Idem. 

Ebbels. 

Idem. 

Tredgold. 

Barlow. 

Tredgold, 

Ebbels. 

Tredgold. 

Idem. 

Idem. 

Idem. 

Barlow. 

Tredgold. 

Ebbels. 

Tredgold. 

Idem. 

Ebbels. 

Tredgold. 

Idem. 

Idem. 

Idem. 

Fincham. 

Idem. 

Idem. 

Idem. 

Idem. 
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109. — In these tables, as in all the others, the author has endeavoured to 
collect experiments of such various kinds as best shew the strength of wood under 
different circumstances. This is considered much preferable to taking mean 
results ; and it will convey much more useful information to the reader. It will 
be seen, by consulting the authorities referred to, that the specimens from aged 
trees are much' inferior in strength to those of mean age : and that the strength 
of green timber differs materially from that of seasoned, or dry. Also, that the 
strength is greater in those specimens which are the most heavy ; but the increase 
of strength is not exactly proportional to the increase of specific gravity. 



RULES FOR THE STRENGTH OP BEAMS SUPPORTED AT BOTH ENDS. 

110. — ^To find the weight that would break a rectangular beam when applied 
at the middle of its length, the beam being supported at the ends. 

Rule XI. Multiply the breadth in inches by the square of the depth in 
inches ; divide this product by the length in feet ; then the quotient multiplied 
by the value of c in Table IX. corresponding to the kind of wood, will give the 
weight in pounds. 

Example. The length of a girder of Riga fir between the supports is 21 feet, 
its depth is 1 4 inches, and breadth 12 inches. Find the weight that would break 
it when applied in the middle. Opposite Riga fir in the table we find c = 530 ; 
and 12 X 14 x^ 14 X 530 ^ gggg^ pounds, or above 26 tons. 

If a beam of the same scantling and length had been supported at one end 
only, one-fourth of the weight would have broken it. 

111. — To find the weight that would break a solid cylinder when applied at 
the middle of its length, the cylinder being supported at the ends. 

Rule XII. Find the value of c for the kind of wood in Table IX. art. 108, 
and divide it by 1*7 ; multiply the quotient by the cube of the diameter in inches, 
and divide the product by the length in feet : the quotient will be the weight in 
pounds that would break the cylinder. 

Example. What weight would break a solid cylinder of ash, 12 feet long 
and 8 inches diameter. For ash the value of c is 635 in the table, therefore 

636 X 8 X 8 X 8 ■• ^rvorv j 

1 7 X 12 ~ 15937 pounds. 

112. — If the weight be uniformly diflFused over the length of a beam, it will 
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require to break it twice the weight that would break it when applied at the 
middle of its length. 



STRENGTH OP BEAMS SUPPOBTED AT ONE END. 

113. — The rules for beams supported or fixed at one end are precisely the same 
as those for beams supported at both ends, except that a different constant number 
must be used, viz. the constant dia the following table ; or the constant for beams 
supported at both ends, must be divided by 4. And when the weight is uniformly 
diffused over the length, the beam will bear double the weight that would break 
it when applied in the middle. 



114. — Table X. — Experiments on the Strength ofBecmia supported at One End. 



Kind of wood. 



English oak 

Ditto 

Dantzic oak 

Beech 

Ditto 

Aah 

Ditto 

Ditto, green 

Teak, old, dry 

Biga fir 

Virginian yellow pine . . 
Caiudian White pine . . 

Pitch pine 

Larch, dry 

Riga (yellow pine) 

Bed pine 

Cowrie 

Poona 



Specific 
{TETity* 



•922 

•854 
•700 
•740 
•658 
•730 
•858 
•606 
537 
•522 
•618 

•526 
•605 
•544 
•626 
•654 



Leng^ 
inlMt. 



4 
4 
4 
3 
2 
3 
2 
5 
5 
4 
5 
5 
4 
5 
2 
2 
2 
2 



Breadth 
in inches. 



Depth 
in inches. 



2 
2 
2 
2 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 



Deflexion 

at the time 

of fractore 

in inches. 



11 

5 

11* 
6 

16 

124 

111 
18i 

16J 



Weight 
that broke 

the piece 
inpoonds. 



266 

210 

196 

401 

352 

436 

321 

239 

257 

210 

147 

122 

270 

162 

1848 

1630 

1960 

2086 



Values 
of con- 
stant d. 



133 
105 
98 
150 
176 
163 
160 
149 
161 
105 
92 
76 
135 
101 
137 
120 
145 
154 



Experimentalist. 



Beaufoy. 

Idem. 

Idem. 

Barlow. 

Idem. 

Idem. 

Idem. 

Peake & Barralier. 

Idem. 

Beaufoy. 

Peake & Barralier. 

Idem. 

Beaufoy. 

Peake & Barralier. 

Fincham. 

Idem. 

Idem. 

Idem. 



BESISTAKCE TO DBTKUSION, OR CRUSHING ACROSS CLOSE TO A FIXED POINT. 

115. — There is another kind of cross strain which requires particular attention^ 
as the strength of framing often depends upon it ; that is, when a body is crushed 
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across close to the points of support. Dr. Thomas Young has called the resistance 
to this kind of strain the '* resistance to detrtmon.^' 

According to the experiments of Professor Robison, this resistance appeared to 
be exactly proportional to the area of the section, and quite independent of its 
figure or position.* Mr. Barlow has also made some experiments on this kind of 
resistance ; from which it appears, that when the force is parallel to the fibres, the 
strength of fir to resist detrusion is from 556 to 634 pounds per square inch, or 
about one twentieth of its cohesive power in the direction of the fibres.f Mr. 
Bevan found the force required to tear out a half-inch iron pin out of Scotch fir, 
when applied in the manner of a pin to a tenon in a mortise, was 976 pounds, the 
thickness of the wood being '87 inches, and the distance of the centre of the pin- 
hole from the end 1'05 inches ; the lateral cohesion of the same wood was 662 
pounds per square inch. (See art. 77.) We have great reason to believe, that the 
resistance to being crushed across is, in all cases, equal, or very nearly equal, to 
the cohesive force of the body : and as in construction it is the lateral cohesion of 
timber that is usually exposed to a detruding force, we may conclude that the 
numbers already given (in art. 77) will be suflGlcient, with those above stated, to 
assist the carpenter in proportioning the parts which have to support this strain. 

116. — To give an example of the application, let AC (^Jlff. 15., Plate II.) be 
the lower end of a principal rafter, and CB the tie beam. Now it is evident, that 
if the part D should not be made suflGlciently long to resist the thrust of the foot 
of the rafter, it would force off the abutment at the line bC. Let us, for the sake 
of simplicity, suppose there is not a tenon in the joint ; then the horizontal thrust 
of the rafter in pounds should be equal to the area of the surface in inches, which 
would be forced asunder in the case of fracture, multiplied by the resistance of a 
square inch in pounds. But, in practice, the strain should be only one-fourth of 
the cohesive force ; therefore, to find the length AC we have the following rule : 

Rule XIII. Divide four times the horizontal thrust, found as in art. 40, by 
the breadth or thickness of the beam in inches, multiplied into the cohesive force 
of a square inch in pounds, and the quotient will give the length bC in inches. 

Example. Pind the horizontal thrust of a rafter, or any other oblique beam, by 
the principles detailed in Section I. (art. 40.) Let us suppose this pressure is 
found to be 5600 pounds, and let the thickness or breadth of the beam be 6 inches ; 
also, when the beam is of fir, the lowest number for the cohesive force is, according 

to Mr. Barlow's experiments, 556 pounds. Then - — ;:— = 6-7 inches, nearly, for 

* Encyclopaedia Britanmca, art. Strength of Materials. t Essay on the Strength of Timber. 
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the distance from 6 to C. If the beam had been oak, then the resistance of a 
square inch is 2316 pounds, from Table III. art. 77 ; therefore, ^ = 1*7 

6 X 2316 

inches nearly. Purther application of these principles will be found in the Section 
on Joints and Scarfing, Sect. IX. 



ON THE RESISTANCE TO COMPRESSION. 

117. — ^When a piece of timber is compressed in the direction of its length, it 
yields to the force in a different manner, according to the proportion between its 
length and the area of its cross section. For more convenient illustration, let us 
suppose the piece to be a cylinder ; then if its length be greater than about eight 
times its diameter, the force will cause it to bend in the manner shown in fig. 35, 
Plate III. ; and it will break at the middle of its length. But when the length 
of a wooden cylinder is less than about eight times its diameter, the piece will 
expand in the middle of its length, and split in several places. Materials less 
flexible than timber break in different ways when under compression in short 
lengths. 

The case where the length exceeds about eight times the diameter is that which 
is most useful ; it shall be therefore first examined. 



ON THE STRENGTH OP COLUMNS AND POSTS TO RESIST FLEXURE.* 

118. — It is known from experience, that there is a certain force that will bend 

* TheEditon have not felt themselves justified in Tnnlnng any alterations in the particular rules and numhers 
given by the author for the determination of the strength of columns, &c., in this and the following articles ; 
nor can they hold themselves responsible for their accuracy. The author has not in this case, as in most others, 
referred to the authorities from which they are derived, and it is believed that the subject has not at present 
been sufficiently investigated by experiment to establish the proper data. The subject has indeed engaged 
the attention of some of the most distinguished mathematicians of Europe ; but they have considered it 
merely as a theoretical problem, and their results can scarcely be said to have any reference to practice. M. 
Girard, as also Lamand^, have certainly made experiments on the resistance to iiiis strain ; but the results 
have by no means the uniform character which is requisite for establishing practical rules. Some of these 
experiments have been selected, and are given in a subsequent page ; but the rules of the author referred to 
above, are independent of these experiments, and are presumed to be rather founded on practical knowledge 
and experience, than on any established data. Experiments on this subject are much wanted. In the case 
of cast-iron pillars and columns some very valuable experiments have been made by Eaton Hodgkinson, Esq. 
of Manchester ; published in vol. ii. '' Tredgold on Cast Iron and other Metals," edited by Mr. Hodgkinson, 
vol. i. in 1842, vol. ii. in 1846. 
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a piece of timber when acting in the direction of its length ; and that, when it 

has been bent in a small degree, a still greater force is required to complete the 

fracture. But our investigation must be confined to the strength to resist the 

first degrees of flexure. 

The strain will be directly as the weight or pressure, and inversely as the 

strength ; which is inversely as the cube of the diameter. The strain will also be 

directly as the deflexion, which will be directly as the quantity of angular motion, 

and as the number of parts strained ; that is, directly as the square of the length, 

and inversely as the diameter. Joining these proportions, and retaining the same 

L'^ X w . 
notation as in the preceding investigations, we have — :^ — is as the strain, and 

1-7 e X 1/ X W = D\ e being a constant number for the same material. (12.) 

The strain being supposed constant. 

When the post is rectangular, and D is the least side, then e X TJ X W = 
BD\ (13.) 

If the post be square, it will break in the direction of its diagonal; and, 
4 ^ X !;» X W = D*. (14.) 

Where J) is the diagonal. 

119. — The stiffest rectangular post is that in which the greater side is to the 
less as 10 to 6 ; therefore, when the post is insulated, this form should be pre- 
ferred ; but even when the post is of this form it will bend in two directions. In 
this case the equation (13.) becomes 0*6 ^ X I^ X W = D*. (15.) 

Where D is the least side. The greater side will be found by dividing the 
least by '6. 

120. — When two inclined beams or rafters are strained by a weight resting 
upon the point where they meet, as in^^'. 1, JPlate I. the pressure in the direction 
of the beams may be found by art. 14 of Section I. ; and substituting this pressure 
for W, in one of the preceding equations (12 to 16) the scantlings may be found 
that would be capable of sustaining these pressures. And generally, let the 
pressure in the direction of a beam be found by the principles in Section I., then 
the pressure thus found being substituted for W in the equations from (12 to 16) 
will enable the reader to find the scantlings that would support these pressures. 

In these equations the beams and columns have been supposed to be perfectly 
straight, and that the pressure should be exactly in the direction of the axes ; but 
it often happens that this cannot be the case ; and as a very slight deviation causes 
a considerable difference in the magnitude of the strain, it is easy to account for 
the great irregularities which may be found in the few experiments that have been 
made on this strain. 

Let Alifjig. 36, Plate III., represent a beam, supporting a load at A, and sup- 
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ported itself at the point B. Join AB, and if the line does not pass through the 
centre C of the cross section of the post or beam at the middle of its lengthy the 
strain will be much increased ; because the weight acts with the energy of a lever. 
The same thing happens when the beam is not perfectly straight, as infig^ 35. 

121. — ^When a beam or post, which is not straight, is pressed in the direction 
of its length, or where the pressure acts with a leverage, as in fig. 36, the effect of 
this leverage must be considered. 

Let C be the neutral point, /^j'. 35 and 36, which is situate nearly at the middle 
of the depth of the beam, then the leverage will be expressed by L X cos. ACD. 
Or denoting the angle A C D by c, it is L X cos. c. Hence the equations in art. 118, 
when applied to beams where the weight acts with a leverage, should be multiplied 
by this leverage as below. When the post is cylindrical, and D its diameter, 
1-7 e X L' X W X COS. c = J)\ (17.) 

In a rectangular post or beam, where D is the least side, ^ X 1/ X W X cos. 
c =BTy. (18.) 

In a square post or beam, where D is the diagonal of the square, 4»e X L X W 
X COS. c = D^. (19.) 

And equation (16,) art. 119, becomes 0.6 ^ X 1/ X W X cos. c =D*, and 
B-|- (20.) 

In these equations, when the beam becomes vertical, cos. c = ; therefore L 
cos. = 0, and the rules become the same as for vertical beams. Also when the 
deflexion is to be a constant quantity, these rules apply to a beam fixed at one 
end, either in an inclined or horizontal position, for it is obvious that the operation 
of the forces would not be altered by fixing the part of the beam, below CD, in a 
wall. When the beam is horizontal, cos. c = 1. 

It will be often more convenient to substitute another mode of expression in 
these equations ; that is to say, in the sine of CAD instead of cosine of ACD : then 
CAD may be called the angle which the neutral point makes with the direction of 
the pressure. 

122. — ^A column or pillar that shall be equally strong throughout will be 
generated by the revolution of two parabolas round the axis of the column, 
the vertices of the curves being at the extremities, as is shown in fig. 37 ; for 
when all the other quantities are constant, L^ : D\ or L : D«, a property of the 
parabola. 



66 RBSISTANCE OF TIMBEB. [§ II. 

But tne iigare ox a column depends on two conditions : the one, that it shall 
rest firmly on its base, and offer a solid bearing for the load to be supported ; the 
other, that it shall be capable of the greatest degree of resistance. To fulfil the 
first condition, it should be a frustum of a cone ; to fulfil the second, it should be 
of the form generated by the revolution of two parabolas : and combining the forms 
which fulfil these conditions, we produce nearly that form which has been adopted 
for columns ; that is, a column with a slight swell in the middle. But where 
beauty rather than strength is the object, one that gradually diminishes from the 
base to the capital is preferred. 



EXPERIMENTS ON THE STIFFNESS OF BEAMS TO RESIST COMPRESSION. 

123. — The experiments are few on this strain ; indeed it is difficult to make 
such experiments without an expensive apparatus, and unless they are made with 
much care they are of little value. The following tables contain the results of the 
most valuable for our present purpose.* The weight that produced the first 
degree of deflexion, and the weight that broke the piece, are given in the tables ; 
but that producing the first deflexion is the one of the greatest importance. 

* Experiments on this strain should always be made either with cylinders, or beams sufficiently thin to 
cause the deflexion to be in one direction only. 
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Tablb IX.— JSrperwftefife on the Besistance of Beams to Forces pressing in the 

Directions of their Length. 



Kind of Wood. 



Oak, seafioned 



Ditto, ditto 



Ditto, ditto 



Ditto, ditto 



Ditto, ditto 



Ditto, ditto 



Ditto, ditto 



Ditto, ditto 



Ditto, ditto 



Length 
in feet* 



2126 



4-25 



6-376 



1-26 



4-26 



6-876 



2-125 



4-26 



6-376 



Breadth 
in inches. 



2126 



2126 



2126 



318 



3-18 



318 



4-25 



4-26 



4-25 



Thick- 
nest in 
inches. 



2-126 



2-126 



2-126 



3-18 



3-18 



318 



426 



4-26 



4-26 



Deflexion 
in inches. 



-0787 

•03937 

•1181 

•03937 

•0787 

•1674 

•1574 

•1574 

-1574 

-1574 

•2361 

•1674 

•0787 

•03937 

•1574 

-1574 

-19686 

•27559 

•1674 

•19685 

•0787 

•2361 

-1574 

•0787 

•03937 

-03937 

-0787 

•03937 

•03937 

-0787 

•0787 

•03937 

•1574 

•2361 

•1574 

•2361 



Weight pro- 
dodnc the 
deflexion in 
pounds. 



7,866 
13,526 

14,119 
11,750 

6,298 ^ 

6,298 f 

6,298 C 

6,298 ; 

3,277 

2,860 

2,750 ) 

2,750 3 

34,599 

45,168 

20,317 

18,647 

20,578 

21,819 

9,121 

9,713 

11,000 

10,142 

12,746 

61,883 

66,691 ) 

56,693 ) 

67,467 

57,780 

63,066 

29,696 

50,525 

45,201 

21,586 

17,331 

18,517 

27,699 



Values of 



•0006 
•00033 
•00032 
•00042 

•0002 

00016 
00018 

00019 

0007 

0006 

0003 

00031 

0003 

00026 

00028 

00027 

00023 

00026 

0002 

00118 

00129 

00107 

00125 

00027 

0006 

00035 

0004 

00038 

00047 

00044 

0003 



{ 



Duration of 

theexperi' 

mente in 

hours. 



4 

6 
18 

8 
21 
27 

6 
6 

6 

27 
24 
29 

6 

9 
17 

7 
19 

4 
18 

6 
11 

8 
23 
28 
30 

8 

6 
19 
19 

7 

6 
22 
22 



Weight 
fhattoolce 

the piece 
in pounds. 



16,631 ^ 
21,296 I 
19,993 f 

21,060 ; 

11,844 ) 
12,226 / 
13,565 C 
12,468 ; 
7,244 S 
7,484 f 
8,492 C 
7,878; 
60,968 ) 
60,958 3 
43,639 ^ 
36,866 ( 
36,205 C 
28,182 ; 
26,939^ 
28,987 
23,929 
33,048 
36,902 
95,262^ 
66,112 
105,826 
94,476 
88,442 j 
100,765' 
85,998 
73,238 
96,368 
64,090. 
69,373 ( 
64,062 C 
66,608 '^ 



Experimen- 
talist. 



Lamand^. 



Idem. 



Idem. 



Idem. 



Idem. 



Idem. 



Idem. 



Idem. 



Idem. 



* Gauthey's Constraction des Fonts, tom. ii. p. 48. See also Weale's " Bridges," 4 vols, in 3. Papers 
in vol. i. by Professors Moselej and Hann. 
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124. — ^Table XII. — Experiments on the Beaiatcmce of Timber when compressed in 

the Direction of its Length. 





















Daration 






Kind of 


Spedfic 


Length 


Breadth 


Thickness 


Deflexion 


Wvight pro- 
ducing the 
deflexion in 


Values of 


of the 
experi- 
ments in 


Weight that broke 

the piece in pounds, 

orremancs. 




wood. 


gravity. 


in feet. 


in inches. 


in inches. 


in inches. 


e. 
















pounds. 




hours. 




1 


Oak 


1038 


8-52 


622 


506 


0268 


38,105 


000029 


0-83 


C Becovered its 
\ first fonn. 


3 


Ditto 


1010 


8^52 


6-22 


400 


009 


26,381 


00002 


0-83 


CKetaineda 
( slight flexure. 


4 


Ditto 


1000 


8-52 


524 


39 


0-445 


26,384 


000016 


666 


Idem. 


5 


Ditto 


•923 


8-52 


515 


417 


0665 


26,392 


000019 


6-66 


50,448 


7 


Ditto 


•973 


7-46 


6-22 


506 


not sensible. 

0157 


38,098 
50,454 


000038 
000028 


0-83 
208 


C Becovered its 
\ first form. 


8 


Ditto 


•972 


7-46 


613 


409 


0244 


38,104 


000019 


1208 


72,865 


9 


Ditto 


•925 


7-46 


622 


400 


0267 


38,106 


000018 


1208 


62,977 


10 


. Ditto 


1038 


746 


4-97 


400 


0-312 


26,397 


000021 


1000 


C Retained a 
\ slight flexure. 


11 


Ditto 


1102 


639 


613 


524 


0177 


38,107 


000057 


708 


Idem. 


13 


Ditto 


•987 


639 


6-22 


400 


177 


38,106 


000025 


208 


C Recovered its 
\ first form. 


15 


Ditto 


1032 


639 


5-24 


417 


022 


38,048 


000024 


1000 


Idem. 


17 


Ditto 


•920 


7-46 


6-22 


4-25 


0114 


26,396 


000032 


1000 


Idem. 


19 


Ditto 


1038 


8-52 


6-22 


506 


0177 


26,392 


000042 


1000 




20 


Ditto 


•944 


8-52 


737 


622 


009 


26,394 


00009 


1000 


C Recovered its 
\ first form. 


21 


Ditto 


•842 


8-52 


7-46 


622 


009 


26,396 


000093 


1000 





The numbers in the first column correspond with those of the experiments the 
author selected from M. Girard's work,* Many of his experiments were made 
with defective specimens ; these are rejected, because pieces so defective should 
not be employed in any situation where they are exposed to much strain. By 
description and plates representing the most defective specimens, M. Girard has 
rendered it easy to ascertain the cause of many of the irregularities of his experi- 
ments. The least deflexion only, with the weight that produced it, is given for 
each piece in the above table ; several other deflexions were observed, but the 
first is the only one that is of use for the purpose of determining the strength of 
posts or columns. Most of the specimens bent in the direction of the diagonal, 
consequently, they were curved both in the direction of the breadth and thickness. 
The deflexion given above is that in the direction of the thickness, escept in one 



* Traite Analjtique de la Resistance des Solides, table i. 
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case^ which is experiment 19 ; in that case the force could not have been applied 
exactly in the direction of the axis. 

Some of the pieces were broken ; in those cases the weight that broke the 
piece is given. It is remarkable that the weight which broke the specimen is 
always about twice that which produced the first deflexion, both in Oirard's and 
Lamand^'s experiments. 

M. Girard has not described the state of the wood when his trials were made ; 
but it appears from a remark he makes on the eighth experiment, that it had been 
cut about fifteen months ;* consequently, it would not be very dry, as might be 
inferred from the weight of the cubic foot given in the third column. 

In the eleventh column the effect of the greatest load that was tried is 
stated for some of the pieces. No. 1. recovered its first form after being loaded 
with 93,320 pounds. No. 3. retained a slight flexure, the greatest weight it bore 
being 68,946 pounds. 

It is obvious that a column or post should not be loaded till the deflexion 
becomes sensible ; therefore the values of ^, as found by these experiments, are too 
low for use. The constant number e should be taken of such a value as may give 
all the security that is necessary, without employing more timber than is con- 
sistent with just economy. 

The highest value of e is 0*00126, in Lamand^'s experiments, and it is 
0-00093 in Girard's. If the number be taken 0-0015 the result will always 
be sufficiently strong for use ; for by employing the preceding rule,t the columns 
would seldom be loaded with above one-fourth of the weight that would produce 
sensible flexure. 

Experiments having been made upon oak only, it remains to determine the 
constant number e for other kinds of wood. It has been shewn by Dr. Thomas 
Young, t that the weight, W, which would hold a beam in equilibrium, under a 

small degree of flexure, is expressed by ^^ ; where d is the least side, / the 

length, and^ the weight of the modulus of elasticity corresponding to the area of the 
section ; consequently, if m be the weight of the modulus for a square inch, (see 
Sect. X. art. 369,) then g=imbdy where b is the breadth : and the formula becomes 

8225 hd^m .^ WP ^ „ 

—T^ =^5 ^^^8225^ =*^- 

* Traits Analytique, &c, art. 235. 

t A more acourate method of investigation is followed in the author's " Essay on Cast Iron," art. 240 — 
245 ; but the rule is a little more difficult in application. 

X Lectures on Natural Philosophy, vol. ii. art. 323 ; and the same thing is shewn in the article Carpentry, 
prop. B, Supplement to the Encyclopedia Britannica, 1818. 



70 



RESISTAITCE OF TDCBEB. 



[§n. 



According to the author's experiments the modulas of elasticity of oak of a 
medium quality is 1,714,500 pounds ; and recollecting that in Dr. Young's formula 
/ is in inches, we have 

There is no doubt that from experiments made with dry oak of such a quality as 
that from which the weight of the modulus was obtained, and made with all the 
precision that might be employed on a small scale, the constant number given by 
this formula would agree with the experiments.* 

As the modulus of elasticity has been determined for several kinds of wood, 
Dr. Young's formula enables us at once to obtain the constant number for other 
woods, when that for one kind is obtained from experiments. Assuming, 
therefore, that 0*0015 is the proper constant number for oak, the following table 
will shew those for other woods. The first column gives the kind of wood ; the 
second its modulus of elasticity for a square inch in pounds avoirdupois ; and the 
third contains its constant number, to be employed in the rules for the strength 
of posts and columns. 

Table XIII. — Of the Constant Numbers to be used in calculating the Dimensions 
of Columns^ Posts, and other Seams, pressed in the Direction of their Length. 



Kind of wood. 


Modnliu of elasticity in 
pounds. 


Value of e, t^oonstaat oam- 
ber in the rules. 


English Oak 


1,714,500 
1,316,000 
1,086,750 

924,570 
1,525,500 
1,343,000 
1,687,500 
1,255,500 
1,693,000 
2,167,074 

486,000 
1,687,500 
1,957,760 
1,804,000 
1,633,500 
1,363,500 


00015 

000195 

00023 

000267 

000168 

000184 

000152 

000205 

000161 

000118 

00053 

000162 

000133 

000142 

000157 

00019 


Beech 


Alder 


Chesnut, firreea 


Ash 


Elm 


Acacia , 


Mahogany, Spanish . . . 
Ditto, Honduras 


Teak 


Cedar, Lebanon 


Biffa fir 


Memel fir , 


Norway spruce fir 

Weymouth pine 


Larch 





* There are many reasons for giving the preference to experiments made on a small scale. All the 
measures can he taken with more accuracy ; the weight can be made to act directly upon the specimens ; 
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In the oak and fir the constant numbers do not difier materially, but in small 
scantlings oak is more liable to warp ; and besides, oak is seldom so straight- 
grained or so free from knots as yellow fir ; therefore, it is usually employed in 
larger scantlings. But this must depend on the judgment of those who are to 
use it. 

PRACTICAL BULES FOB THE STRENGTH OF GOLUHNS, POSTS, AND OTHEB BEAMS, 

PRESSED IN THE DIRECTIONS OF THEIR LENGTHS. 

126. — ^To find the diameter of a column or pillar which will sustain a given 
weight, when the pressure is in the direction of the axis. 

B»ULE XIY. Multiply the weight or pressure in pounds by 1*7 times the 
value of e for the kind of wood, taken from Table XIII. art. 124 ; then multiply 
the square root of the product so obtained by the length or height in feet, and the 
square root of the last product will be the diameter required in inches. 

If the column be shorter than 10 times its diameter, then the diameter found 
by this rule will be too small. In this case the proper diameter will be found by 
Rule XVIII. art. 131. 

Example. Let it be required to support 12 tons (26880 pounds) by a cylin- 
drical oak post, of which the height is 8 feet. Then, by the preceding table, 
(Table XIIL) the value of ^ for oak is 00015; therefore 16880 X 1'7 X 0-0016 = 
68-544, of which the square root is 8*28, nearly. And 8*28 X 8 = 66-24 ; the 
square root of 66*24 is very nearly 8*14 ; therefore 8*14 inches is the diameter 
required. 

126. — ^To find the scantling of a rectangular post or beam capable of sustaining 
a given pressure in the direction of its length, and coinciding with the axis. 

Btjle XY . Multiply together the weight or pressure in pounds, the square of 
the length in feet, and the value of e for the kind of wood from Table XIII. Divide 
this product by the breadth in inches, and the cube root of the quotient will be 
the thickness in inches. 

consequently there is no loss nor uncertainty from friction of mechanical powers ; the necessary adjustments 
can he made with more preciaion ; and the whole process is more completely under the eye of the observer. 
The apparatus being simple, the labour of calculation is abridged, trials are more easily repeated and varied, 
and the expense becomes comparatively small. For similar reasons a mineral can be more accurately 
analyzed by employing a few grains, than by using a larger quantity ; and there seems no reason why a well 
chosen specimen of wood should not afford as accurate a measure of the elasticity of that substance, as a 
small specimen of limestone does of the constituents of the mass it had been selected from. But the 
specimens should not be loss than an inch square ; otherwise they become too small to contain fieur specimens 
of the wood. 
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In this rule, as in the last, when the beam or post is shorter than ten times its 
thickness, or least dimension, the scantling found by this rule is too small. The 
proper scantling in such cases may be found by Rule XVIII. art. 131, where the 
cause of this limitation is explained. 

Example. Let the height of a post of Memel fir be 8 feet, its breadth 7 inches, 
and the weight to be supported 12 tons, or 26880 pounds. The value of e by 

Table XIII. for Memel fir is 0'00133 ; therefore, 2^880 x 000^183 x 8 x 8 _ 337^ 

nearly ; and the cube root of 327 is 6-889 inches, the thickness required. 

127.— If the beam be curved, or the weight does not press exactly in the 
direction of the axis of the beam, then find the cosine of the angle AGD, or the 
sine CAD,^. 35 and 36, to radius 1. 

Etjle XVI. Multiply together the weight in pounds, half the tabular value of 
e for the kind of wood, and the sine of the angle CAD ; divide the product by the 
breadth in inches. The cube root of the quotient, multiplied by the length in feet, 
will give the depth in inches. 

Excmiple. Let the length AB be 8 feet, the weight 26880 pounds, the breadth 
7 inches, and the sine of CAD = *25. Also, let *0015 be the tabular number, as 

in the example, art. 125. Then ^6880 x 0015 x -25 _ .^g r^^^ ^^^^ ^^^^ ^^ .^g .^ 

•896 nearly, and '896 X 8 = 7*169 inches, the depth required. 

A post 8 inches diameter would support only about six-tenths of the weight, 
when applied as it is supposed to be in this example ; but we have seen thiat it is 
sufficiently strong when the force acts in the direction of the axis. (art. 126.) 

Sometimes the strain arises from the pressure produced by the position of the 
beams, as in^^r. 1 or 3, Flate I. ; in that case the pressure in the direction of the 
beam must be found by the rules in Section I. ; and this pressure must be 
substituted instead of the weight, observing that the pressure must be found in 
pounds. 

STEENGTH OP CURVED EIBS. 

128. — ^When a curved rib is of the proper curve of equilibrium, and the load 
invariable, the stress is as the weight on any portion of the arch, which is as its 
length z^ and it is to the strain as the length of the arc is to the radius of curvature ; 
that is, m aking w the weight of an tmit in length, then zir\i w z\r w =the strain 
in the direction of the curve. In this expression w is the stress on an unit in 
length of the curve at the vertex, and if that unit be one foot, then the radius of 
curvature r must be in feet. 
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But besides the constant load on a structure, a bridge for example, there are 
often strains caused by variable loads, such as heavy waggons and the like. The 
effect of such loads upon a continued rib is the next object of our inquiry. 

Let ACB {^fig. 27, Plate III.) be the rib, and let a load W be applied in the middle 
at C. The effect of such a load would be to depress the curve at C, and to cause it 
to rise at e and/; dividing the curve into 4 equal parts. Denoting the length of 
each part by /, then 2 DO : AC : : W : the pressure in the direction AC ; or 

pressure = ^j^ ; and eX%P X ^j^^ - X sine ^ C a = BD\ 

^^ o 7 w /« X W X AC X sin. c C a i\ -rx 

or 2 / X (, BX2DC )='^- 

But here it may be observed, that no notice is taken of the resistance at C ; 
because it is not possible to join large pieces so as to make them equally as strong 
as a solid beam of one piece ; therefore to keep the rule as simple as possible, the 
strength at C has been taken to compensate for the defects of a built rib. 

But the strain upon the rib will not be the greatest when the weight is applied 
in the middle. The exact point where the strain is greatest has not been 
ascertained, but it will be near enough for practice to fix this point at the distance 
of one-third of the span from one of the abutments. 



PRACTICAL RULE AND EXAMPLE. 

Let the weight be considered to act at l^jfig. 27, then (by art. 11, Sect. 1.) if 
the weight be represented by EF, the pressure in the direction EA will be 
represented by EB. Or, EE : EA : : W : pressure. Taking an example in 
numbers, let EF be 77 feet, and EA 135, W being 50,000 pounds. Then 
77 : 135 : : 50,000 : 87,662 pounds, the pressure required. 

Rule XVII. To find the scantling of the rib. Multiply together the pressure 
in pounds, the constant e from the table (art. 124.) and the sine of the angle dEh to 
radius unity ; then divide the product by the breadth in inches of all the ribs the 
weight will bear upon ; the cube root of the quotient multiplied by the distance 
AE, in feet, will give the depth of the rib in inches. 

Example. In a bridge of 200 feet span, consisting of 3 ribs, each 24 inches, or 
the whole breadth of the ribs 72 inches ; required the depth. The sine dEh =s 0*1, 
and the constant number from Table XIII. art. 124, corresponding to oak = 0*0015. 
The pressure in the direction EA being 87»662 pounds as above found. Then, 

87662 X -oois x 01 ^ 0-18263. The cube root of 018263 is 0-5S7 nearly ; and the 

72 •^ 
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distance AE is nearly 136 feet. Therefore, 0-687 X 136 = 79 inches, the depth 
required. 

129. — It has abeady been stated, that the stiffest rectangular post or beam is 
that of which the sides are to one another as 10 to 6, (see art. 119) : the rule 
expressed in words at length may be useful. 

B;ULE. Multiply the weight or pressure in pounds by 0*6 times the tabular 
number e for the kind of wood, from Table XIII. art. 124. Extract the square 
root of this product, and multiply the root by the length in feet. The square root 
of the last product will be the least side in inches. 

Divide the less side by 0*6, and the quotient will giye the greater side. 

Example. It is required to support a part of a wall by an oak post, 11 feet in 
length. The wall to be supported contains a rod of reduced brickwork which 
weighs 13 tons, or 29120 pounds ; and it is proposed to determine the scantling of 
the post so as to be sufficient to sustain the pressure. According to the rule 
29120 X 0-6 X 00016 = 20208. The square root of 20-208 is nearly 4-6 : 
therefore, 4-5 X 11 = 49-6. The square root of 49-5 is 7-03, consequently the 

7'03 ■! 

the least side of the post should be 7*03 inches. And ^ = 11*7 indies, the 

greater side ; therefore, a post 11 feet long, of which the scantling is llf inches by 
7 inches, would support a rod of brickwork with safety. 

A post that sustains a considerable burden should neyer be exposed to a cross 
strain ; as a yery small force of this kind has a considerable effect when the post 
is compressed in the direction of its length. 

A table of the scantlings of story posts is giyen at the end of the yolume ; but 
story posts depend so much on the nature of the building to be supported, that it 
would be difficult to reduce them to particular rules ; it will not, howeyer, be 
difficult to estimate, with sufficient accuracy, the weight a post of this kind may 
haye to support, and then the scantling will be found by the preceding rules. 



ON THE EESISTANOE TO CEUSHIKG. 

130. — ^According to the experiments of Bondelet, when the height of a square post 
is less than about 7 or 8 times the side of its base, it cannot be bent by any pressure 
less than that which would crush it. The internal mechanism of the resisting 
forces, when timber yields by crushing, is not exactly understood, but it appears 
to be eyidently different in timber from what it is in stone and other brittle mate- 
rials. In timber the resistance to crushing is less than the cohesiye force ; in 
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brittle bodies it is always greater tban the cohesiye force of the material : but it 
must not be imagined that the resistance to crushing is an exception to the laws 
of compression, because the resistance to extension, and that to compression, are 
both employed in opposing a force tending to crush the body when the body is of 
a flexible nature. 

The resistance of timber to crushing appears to increase in a higher ratio than 
that of the area of its section. We have not, howeyer, experiments that giye any 
decisiye information on this part of the subject ; and the generality of writers 
content themselves with assuming the strength to be directly as the area. 

According to the experiments of Rondelet, made on cubes of an inch in length, 
it required from 5000 to 6000 pounds per square inch to crush oak ; and under 
this pressure its length was reduced more than one-third. To crush fir it required 
from 6000 to 7000 pounds per square inch ; and the length was reduced one-half.* 

The experiments by George Rennie, Esq., published in the Phil. Trans, for 
1818, give results considerably lower than those of Rondelet. The following are 
the results of his experiments : 

Base 1 inch square, length 1 inch of elm was crushed by 1284 pounds. 

American pine 1606 

whitedeal 1928 

EngUshoak 3860 

length 4 inches of ditto 5147 

3 inches square, length 6 to 9 inches African oak 60480 == 

6720 pounds per square inch.t 

131. — ^The load a piece of timber will bear when pressed in the direction of its 
length, without risk of being crushed, may, when the pressure is exactly in the 
axis of the piece, be found by the following rule. 

B/UiiE XVIII. Multiply the area of the piece of timber, in inches, by the 
weight found capable of crushing a square inch of the same kind of wood, (see the 
preceding experiments, art. 130.) Then one-fourth of the product will give the 
greatest load in pounds that the piece could bear with safety. 

Example. Required the weight that a piece of oak, 3 inches by 2 inches, would 
support with safety ? Here the area is 3 X 2 = 6 inches ; and by one of Rennie's 

* L'Axt de B&tir, tome iv. p. 67. 

t This is the mean of two ezperimentB made by Mr. A. H. Eenton with Bramah's press. 

l2 
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experiments abotie referred to, an inch square of oak is crashed by 3860 pounds 
Consequently, ^ ^ ^^^ = 6790 pounds, the weight required. 

If the area which would support a given weight be required, divide 4 times the 
weight by the number of pounds that would crush a square inch, and the quotient 
is the area in inches. 

By comparing the rule for the resistance to flexure with that for the resistance 
to crashing, it will be easy to determine the length when these rules give the same 
result. This comparison is important, because the strength of pieces shorter than 
this length must be calculated by the rules for the resistance to crushing ; but all 
pieces longer than this length must be calculated by the rule for the resistance to 
flexure. 

Let the force that would crush a square inch be represented hyf, then by the 

preceding rule, (Rule XVIIL) ^ ^^^^'^ = ^' -^^^ ^^ equation 13. (art. 118,) 

jB 

behave ^' ^ ^ -W Hence ?JLliL/ = 5!JLJ, orI/= i^. 
we nave ^i ^ ^ — w. nence, ^ jj^ x e' ^^^— / x e' 

and L = 2 D y :^. 

f X e 

From the experiments on crushing, it appears that/ may be taken at 4000 
pounds for cither fir or oak ; and, according to Table XIII. art. 124, the value of e 
is nearly the same for fir as it is for oak, viz. 0*0015. Putting these numbers in 
the equation 

L= 2D ^^4-^. we have L = 2 D ^ 4000 x o-oois - ^-8^8 D, nearly: 

that is, the length in feet is 0*818 times the least thickness in inches, when the re- 
sistance to flexure and the resistance to crushing are equal. Or, what is the same 
thing, the length is nearly 10 times the least thickness when the resistances are the 
same. Consequently, when the length of a beam is greater than 10 times the 
thickness, its strength must be determined by art. 125, 126, or 127. When it is 
less than ten times the least thickness, the strength must be determined by Bule 
XVIII. of this article. 

131 a. — In the case of a load supported by a curved rib of the proper form for 
its parts to be in equilibrium, if r be its radius of curvature at the flattest point 
in feet, and to the load on a superficial foot at the summit, then (from art. 128 and 

131,) -^2" ~ "IT^ * ^' *^® breadth of the load being equal to that of the beam 
or rib, then gy = D. Hence the following rule. 
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Multiply the load on a square foot at the summit in pounds, by the radius of 
curvature in feet ; then the product being divided by 3 times the force it requires 
to crush a square inch, the quotient will be the depth of the rib in inches ; the 
breadth being the same as the breadth of the load. 



ON THE RESISTANCE TO COMPRESSION AT THE JOINTS OP PRAHING. 

182. — ^There is yet another kind of resistance to compression to be considered, 
viz. when the end of one piece is pressed against the side of another. The strength 
of the joints of firaming depends in some degree on this kind of resistance ; for 
unless the resistance at the joint be equal to the pressure, a degree of compression 
may take place that would produce considerable derangement in the framing, if 
not a total failure. 

In order to obtain some information on this important point, the author made 
the following experiments : He prepared two pieces of good Memelfir, and placing 
the end of the one piece upon the side of the other, he loaded it successively with 
800, 900, 1000, 1100, 1200, and 1300 pounds upon a square inch, CTamining the 
effect of each trial ; the impression was faint with 900 pounds, but became very 
distinct with 1000 pounds ; therefore he considers that the pressure on the joints 
of timbers of yellow fir should never be greater than 1000 pounds per square inch. 
The position of the annual rings however makes a considerable difference, for in 
some other trials the impression was very distinct with 960 pounds. 

English oak was next tried ; with a load of 1400 pounds the impression appeared 
to be about the same as 1000 pounds produced in Memel fir ; and there was less 
difference from varying the position of the rings. 

It is obvious that the pressure on the joints must limit the rules for the 
resistance of beams compressed in the direction of their length, nearly in the same 
manner as in the last article ; with this difference, that the area of the joint is 
seldom equal to the area of the section of the beam. But if B X D be the area 
of the section of the beam, the area of the joint may always be expressed by 

n X B X J). Consequently, f^ X B X D X 1^= jr^; andL = D ^ ^^^xe ' 
where E is the force which produces a sensible impression. 

Hence it appears, that in fir the least thickness of the beam in inches multiplied 

by 10 v^^ is equal to the length in inches, when the resistances of the beam and 

that of the joint are equal ; and 8*3 V-^ multiplied by the breadth gives the 
Jength for oak framing. 
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Let the area of the joint be half the area of a section through the beam, then 
n =: Y *^d ^"7 sr ^ 2 = 1*414. Hence, when the area of the joint is in this 

proportion, in a fir frame, and the length is less than 14 times the least thickness, 
the scantling must be regulated by the size of the joint instead of the resistance 
to flexure. 



ON THE BESILIENGE OF TIMBER. 

132 a. — B/Csilience, or the power of resisting the impulse of a body in motion, 
is a species of strength which it is of importance to consider, as it is well known 
that bodies which will resist a very great pressure, may be fractured by the stroke 
of a hammer moving with a moderate velocity. The general principles of resistance 
to impulse, and their application to metals, the author has considered very frilly in 
his " Essay on the Strength of Iron." It is there shewn, that if w be the weight of 
a falling body, h the height of its fall, F the elastic force of the material at the 
flexure «, and W the weight of the piece, then it requires to produce any other 
degree of flexure x by impulse, that 

To shew the agreement of the investigation with experiment, we may compare 
the experiments made by Mr. Sevan, in 1826. A bar supported at the ends, the 
distance of the supports being 18 feet, the weight of the bar itself 127 pounds being 
equivalent to 63*5 pounds, collected at the middle, and the weight which bent it 
one inch in the middle 148 pounds. The weight of the falling body was 28 pounds ; 
hence from these data we have 

Y 2 hto^s X _ _ Y 2A X 28^ X 1 V _ ,^, ., 

^\P (W -h w)) — ^ — ^Vl48 (63-6 -h 28)7 ~ ' 

that is, in this case the. square root of the height of the faU in inches, multiplied 
by '34, ought to be equal to the depression in inches ; and the table shews the 
comparison. 



Height of &U. 


Depression by experi- 
ment. 


Depression by formola. 


12 m. 
24 — 
36 

48 — 


1-25 in. 
166 — 
2-35 
2-62 


118 in. 
1-66 — 
204 
2-35 — 
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132 b. — Since, by the preceding rules of this section, the weight may be found 
which produces a given depression ; and as the mass of the resisting body may be 
readily ascertained, it becomes easy to compute the strength which will resist any 
percussive force for any particular case : but general rules are not so easily drawn, 
in consequence of the mass, as well as the strength of the resisting body, being 
concerned in the inquiry. 
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SECTION IIL 

OF THE CONSTRUCTION OF FLOORS. 

133. — ^The timbers which support the flooring boards and ceiling of a room are 
called, in carpentry, the naked flooring . There are different kinds of naked flooring, 
but they may be all comprised under the three following denominations; viz. 
single joisted floors, double floors, and framed floors. 

First, Single-joisted floors. A single joisted floor consists of only one series of 
joists. Plate IV. fig. 38, shews a section across the joists of a single-joisted floor. 

Sometimes every third or fourth joist is made deeper, and the ceiling joists 
fixed to the deep joists, and crossing them at right angles. This is an improvement 
in a situation where there is not space for a double floor. Fig. 39 shews a section 
of a floor of this kind. It increases the depth of the floor very little, and will not 
allow sounds to pass so freely as a single-joisted floor, and the ceilings will stand 
better. The ceiUng joists, a, a, are notched to the deep joists d, d, d, and nailed. 

134. — Secondly, Double floors. A double floor consists of three tiers of joists ; 
that is, binding joists, bridging joists, and ceiling joists : the binding joists are the 
chief support of the floor, and the bridging joists are notched upon the upper side 
of them : the ceiling joists are either notched to the under side, or framed between 
with chased mortises ; the best method is to notch them. Fig. 40 shews a section 
of a double floor across the binding joists 5, d, b. The bridging joists d, d, are 
notched over, and the ceiling joists a, a, are notched under the binding joists. 

135. — Thirdly, Framed floors differ from double floors only in having the 
binding joists framed into large pieces of timber, called girders. Mg. 41 shews a 
section across the girders of a framed floor; where 5, 5, 5, are the binding joists. 

Single joisting makes a much stronger floor, with the same quantity of timber, 
than a double or framed floor, and may be constructed with equal ease to the same 
extent of bearing ; but the ceilings are more subject to cracks and irregularities ; 
consequently single-joisted floors of long bearings can be used only in inferior 
buildings. 
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When it is desirable to exhibit a perfectly plane ceiling of plaster, a double floor 
is used ; and when this is required and the bearing is long, a framed floor becomes 
the most conyenient. The following experiment was made on the comparative 
strength of framed and single joisted floors by Professor BK)bison. 

136. — ^Two models were made 18 inches square ; one consisted of single joists, 
the other framed with girders, binding joists, bridging and ceiling joists ; the 
single joists of the one contained the same quantity of timber with the girders 
alone of the other. They were placed in a wooden trunk 18 inches square within, 
with a strong projection on the inside for the floors to rest on ; and small shot was 
gradually poured over. 

The single joisted floor broke down with 487 pounds, the framed floor with 327 
pounds.* The difference would not be quite so much on a large scale, because 
the girders would not be so much weakened by mortises. This is not the only 
case where apparent strength has turned out to be real weakness ; and shews how 
necessary it is to distinguish those parts which really support a load from those 
which only appear to do so.f 

OF SINGLE JOISTED FLOORS. 

137.— In order to make a strong floor with a small quantity of timber, the 
joists should be thin and deep ; but a certain degree of thickness is necessary, for 
the purpose of nailing the boards, and two inches is perhaps quite as thin as the 
joists ought to be made ; though sometimes they are made thinner. 

To find the depth of a joist, the length of bearing and breadth being given, for 

a single joisted floor, when the distance apart from middle to middle is 12 inches. 

SiULE. Divide the square of the length in feet, by the breadth in inches ; and 

the cube root of the quotient multiplied by 2*2 for fir, or 2*3 for oak, will give the 

depth in inches. X 

* EncjclopaBdia Britaimica, art. Roof, sect. 47. 

t Complex flooring does not seem, however, to have been employed under any notion of apparent strength, 
but simply to keep up the appearance of an unbroken plaster surface in the ceiling or mask which modem 
fashions render imperative. The great waste of material in thus converting supporters into loads aud 
throwing them on other supporters, in three or four successive orders, could not escape the least attentive. 
On the great sanitary evils entailed by the same absurd fashion, see *' The Student's Gxiide to Designing, 
Measuring, Ac. Artificers' Works." 2nd Edit., 1852, p. 197. 

X The constant numbers in this, and in all the rules for flooring and roofing, are derived from the scant- 
lings of timbers that were found to be sufficiently strong ; this is considered to be the best method of 
obtaining those numbers, because it is difficult to calculate the weight that a floor has to support ; yet it is 
easy to ascertain whether a floor be sufficiently stiff or not after it is executed. These comparisons have not 

M 
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Uxample. Required the proper depth for a fir joist, the bearing being 12 
feet and the breadth 2 inches ? 

12 X 12 

Here — r — = 72, and the cube root of 72 is 4-16 ; therefore 416 X 22 = 

9'152 inches, the depth required ; or 9J inches is near enough in practice. 

On account of flues, fire-places, and other causes, it often happens that the 
joists cannot have a bearing on the wall. In such cases a piece of timber, called 
a trimmer , is framed between two of the nearest joists that have a bearing on the 
wall. Into this trimmer the ends of the joists to be supported are mortised. 
This operation is called trimming. The scantlings of trimmers may be found by 
the same rule as those for binding joists. Case 2, art. 150 ; the length of the joists 
framed into the trimmer being equivalent to the distance apart in binding joists. 

The two joists which support the trimmer are called trimming joists^ and they 
should be stronger than the common joists. In general it will be sufficient to add 
one-eighth of an inch to the thickness of a trimming joist for each joist supported 
by the trimmer. Thus, if the thickness of the common joists be 2 inches, and a 
trimmer supports 4 joists, then add four-eighths, or half an inch ; that is, make the 
trimming joists each 2^ inches in thickness. 

When the bearing exceeds 8 feet, single joisting should be strutted between the 
joists to prevent them turning or twisting sideways, and also to stiffen the floor ; 
when the bearing exceeds 12 feet, two rows of struts will be necessary; and so on, 
adding another row of struts for each increase of four feet in bearing. These 
struts should be in a continued line across the floor, and short ends of boards put 
in moderately tight, and nearly of the depth of the joists, are quite sufficient ; 
indeed such pieces simply nailed are better than keys mortised into the joists, 
because they require less labour, and do not weaken the joists with mortises. The 
well fitting of the struts is an essential part in making a good ceiling. 

For common purposes single joisting may be used to any extent that timber 
can be got deep enough for ; but where it is desirable to have a perfect ceiling,* 
the bearing should not exceed about 10 feet : on account of the partial strains 
produced by heavy furniture, such as bedsteads and the like, of which the greater 
part may rest upon only two or three of the joists, and of course bend these below 
the rest so as to break the ceiling. Also, where it is desirable to prevent the 

been made firom single observations, but from various ones on bearings of very different lengths. The 
constant numbers are taken higher for oak, because the oak is seldom straight-grained, and very subject to 
warp. 

* That is to say, a perfect concealment by plaster. It is to be borne in mind that the whole of this 
apparatus for flooring is neither necessitated by, nor conducive to, any useiul or desirable object, but merely, 
like modem building contrivances in general, exacted to satisfy fashions and conventional respectabilities. 
Ed. 1853. 
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passage of sound, a framed floor is necessary. The passage of sound may be 
reduced in a single joisted floor, by putting strips of list or thin slices of cork along 
the upper edges of the joists, to nail the boards down upon. 

OF FRAMED FLOOKS. 

Eramed floors consist of girders, binding joists, bridging joists, and ceiling 
joists. 

Girders. 

138. — ^The girders are the chief support of a framed floor : their depth is often 
limited by the size of the timber, but not always so, therefore the method of 
finding the scantling may be divided into two cases. 

Oaae 1. To find the depth of a girder when the length of bearing and breadth 
of the girder are given. 

Rule. Divide the square of the length in feet, by the breadth in inches ; and 
the cube root of the quotient multiplied by 4'2 for fir, or by 4.34 for oak, will 
give the depth required in inches. 

139. — CMe 2. To find the breadth when the length of bearing and depth are 
given. 

Rule. Divide the square of the length in feet, by the cube of the depth in 
inches ; and the quotient multiplied by 74 for fir, or by 82 for oak, will give the 
breadth in inches. 

Example to Case 2. Let the bearing be 20 feet, and the depth 13 inches ; to 
find the breadth, so that the girder shall be sufficiently stiff. 

The cube of the depth is 2197, and the square of the length is 400 ; therefore 

4<00 

— - X 74 = 13*47 inches, the breadth required. 

In these rules the girders are supposed to be 10 feet apart, and this distance 
should never be exceeded ; but should the distance apart be less or more than 10 
feet, the breadth of the girder should be made in proportion to the distance apart. 

Girders for long bearings should always be made as deep as they can be got ; 
an inch or two taken from the height of a room is of little consequence, compared 
with a ceiling disfigured with cracks^ besides the inconvenience of not being able 
to move on the floor without shaking every thing in the room. 

140. — ^When the breadth of a girder is considerable, it is often sawn down the 
middle and bolted together with the sawn sides outwards ; the girders in the 
section, fig. 41, are supposed to be done in this manner. This is an excellent 
method, as it not only gives an opportunity of examining the centre of the tree, 

m2 
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which in large trees is often in a state of decay, but also reduces the timber to a 
smaller scantling, by which means it dries sooner, and is less liable to rot. The 
slips put between the halves, or flitches, should be thick enough to allow the air 
to circulate freely between them. It is generally imagined that it strengthens a 
girder to cut it down, reverse it, and bolt it together again ; it is in fact weakened 
by the operation, but the method is recommended here for the reasons above stated. 

Others suppose that girders are cut down merely for the purpose of equalising 
their stiffness ; but admitting a girder to be bent considerably, the difference 
between the deflexions at any two points equally distant from the middle would 
not be sensible in girders of the usual form. The person who first practised the 
method of cutting girders down the middle undoubtedly did it with a view of 
preserving and not of stiffening them. We find that Vitruvius,* the oldest author 
on architecture whose works are extant, directs a space of two fingers' breadth to 
be left between the beams for forming the architrave over columns, in order that 
the air may circulate between and prevent decay. t Every one must have observed 
that decay begins in the first place at the joints, and other parts where the pieces 
are neither perfectly close nor yet sufl&ciently open to allow any dampness to 
evaporate. 

141. — When the bearing exceeds about 22 feet, it is very difficult to obtain 
timber large enough for girders ; and it is usual, in such cases, to truss them. 
The methods in general adopted for that purpose have the appearance of much 
ingenuity ; but, in reality, they are of very little use. If a girder be trussed with 
oak, all the strength that can possibly be gained by such a truss consists merely 
in the difference between the compressibility of oak and fir, which is very small 
indeed ; and unless the truss be extremely well fitted at the abutments, it would 
be much stronger without trussing. All the apparent stiffness obtained by 
trussing a beam is procured by forcing the abutments, or, in other words, by 
cambering the beam. This forcing cripples and injures the natural elasticity of 
the timber ; and the continual spring, from the motion of the floor, upon parts 
already crippled, it may easily be conceived, will soon so far destroy them as to 
render the truss a useless burden upon the beam. This is a fact that has been 
long known to many of our best carpenters, and which has caused them to 
seek for a remedy in iron trusses ; but this method is quite as bad as the former, 

* Vitruvius, lib. iv. cap. 7. 

t The timber can only be weakened to the amount of the wood lost by the passage of the saw ; and its 
strength is rendered more uniform by inverting the ends of the two pieces. It rarely happens that the 
butt and top of a timber have equal strengths. It is therefore reasonable to conclude that the girder i& 
practically strengthened by the process recommended. — Ed. 
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unless there be an iron tie as an abutment to the truss ; for the failure of a truss 
is occasioned by the enormous compression applied upon a small surface of timber 
at the abutments. The defects of ordinary trussed girders are yery apparent in 
old ones, as it is not simply strength that is required, but the power of resisting 
the unceasing concussions of a straining force, capable of producing a permanent 
derangement in a small surface at every impression. 

142. — ^The above remarks are further confirmed by some experiments made by 
Mr. Barlow, of the Royal Military Academy, at Woolwich, the results of which 
are shewn in the following table : — 



Description. 


Length of betring. 


Weight. 


Deflexion produced by 
the weight. 


Two truss pieces meeting against a king^ 
bolt in the centre, with plate bolts at > 
the abutments ) 


ft. in. 
4 , 2 

4 , 2 

5 ^ 8 
5 , 8 


pounds. 
600 

600 
500 
500 


087 

1-00 
2-25 
1-55 


Piece of the same size, ¥rithout a truss 


Three truss pieces, with two queen bolts, ") 
with plate bolts at the abutments \ 


Piece of the same size, without a truss 



The pieces were trussed in the maimer described by Mr. Nicholson, in his 
Carpenter's Guide, Plate XXXIX. ; the depth of the pieces 2 inches, and the 
breadth If inches. In the experiment with the girder haying a king bolt and two 
truss pieces, there appears to be a slight adyantage in trussing ; but in the one in 
three lengths, trussing appears to haye had no effect, it being much weaker than 
the untrussed piece.* 

The methods of trussing proposed by Smith,t Frice,t Fain, and Langley,§ are 
still worse, some in principle, others in the materials. The attempt to make a 
solid beam stronger in the same bulk, without using a stronger material than the 
beam itself is made of, is ridiculous ; yet such has been the aim of most of these 
writers. 

Though the usual mode of trussing girders cannot be relied upon, nor indeed 
any other timber truss that is made within the depth of the beam ; yet, by adding 
to the depth, there are seyeral methods that may be applied with success in 
extending the bearing of timber girders. But where the depth is limited, and the 



* See Barlow's Essay on the Strength and Stress of Timber, 1861. 

t Smith's Carpenter's Companion. 

§ Langley's Builder's Complete Assistant, Plate Hi. 4th edit. 



I British Carpenter, Plate B. 
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bearing considerable, iron must be employed, and the best mode of doing this is 
to make the girders of cast iron, each in one piece, if the bearing should not be 
too long for a casting, and in two pieces if it should be too long« These cast iron 
girders are simple, and cheaper than any kind of iron framing of the same 
strength and depth ; that is, when they are properly contrived, so as to make 
the most of the material.* 

But it often happens that large foundries are not near, and consequently iron 
girders would be very expensive ; we ought not therefore to omit shewing how 
they may be dispensed with, where there is the means of increasing the depth of 
the floor, and this may generally be done without inconvenience.! 

143. — The principle of constructing girders of any depth is the same as that of 
building beams, and when properly conducted is as strong as any truss can be 
made of the same depth. 

The most simple method consists in bolting two pieces together, with keys 
between, to prevent the parts sliding upon each other ; the upper one of hard 
compact wood, the lower of tough straight grained. The joints should be at or 
near the middle of the depth. Fig. 42, Plate IV. shews a beam put together in 
this manner. The thickness of all the keys added together should be somewhat 
greater than one-third more than the whole depth of the girder ; and, if they be 
made of hard wood, the breadth should be about twice the thickness. 

144. — J^t^. 43 is another girder of the same construction, excepting that it 
is held together by hoops instead of bolts. The girder being cut so as to be 
smaller towards the ends, would admit of these hoops being driven on till they 
would be perfectly tight, and would make a very firm and simple connection. 

145. — In Jig. 44 the parts are tabled or indented together, instead of being 
keyed, and a king-bolt is added to tighten the joints ; the upper part of the girder 
being in two pieces. The depth of all the indents added together should not be 
less than two- thirds of the whole depth of the girder4 

146. — ^Another method of constructing a girder consists in bending a piece into 
a curve, and securing it from springing back by bolts or straps. A girder con- 
structed in this manner is shewn by fig. 45. Mr. Smeaton has adopted a similar 
method of strengthening the beam of a steam engine,§ and the additional stiffness 

* See P^raetical Ei«ay on the Strength of Iron, sect, ii., for the principles of fonning these girders. 

t For various modes of effecting this without timber, see " The Student's Guide to the Practice of 
netidguiug. Measuring, «tc. Artitiecrs* Works,*' Edit. 1852, pp. 80, 227. 

^ A girder similar to this is described bj Mathurin Jous9e> in bis Art de la Charpenteiie. 

§ Hees's Cyelopsedia, art. Steam Engine, plat« i. Girders constructed in this manno^ baTe also been 
prv>lK>sed by Rondelet, L'Art de Batir, tome it. p. 145. 
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gained by bending beams in this manner is very considerable. The pieces should 
be well bolted, or strapped, and keys or tables inserted to prevent any sliding of 
the parts. In this manner a beam might be built of any depth that is necessary 
in the erection of buildings, and, by breaking the joints, of any length that is likely 
to be needed in the construction of floors. 

The following rule may be used for finding the proper scantling or dimensions 
of these girders, viz. 

Multiply 1^ times the area of floor the girder supports in feet, by the length of 
bearing in feet ; divide this product by the square of the depth in inches, and the 
quotient will be the breadth of the girder in inches. 

The thickness of the bent pieces may be about one-fiftieth part of the bearing, 
and as many of them should be added as will increase the depth to that proposed, 
unless the whole depth of the curved pieces exceeds half the depth of the girder ; 
and in that case straight pieces should be added to the under side, so as to make 
the whole depth of the straight parts exceed the depth of the curved parts. When 
pieces cannot be got sufficiently long for the girder, care should be taken to have 
no joints near the middle of the length in the lower half of the girder. 

Fig. 46 shews a girder for a 40-feet bearing, with the lower half scarfed at a, 
with a plain butting joint in the curved part at b. 

147. — In the construction of floors it would be a great advantage to make each 
girder only half the breadth given by the rule, and to place them only 5 feet apart ; 
to bridge the upper or floor joists over the girders, and notch the ceiling joists to 
the under side of them ; and to omit the bindii^ joists. There would be a great 
increase of strength and stiffness by adopting this method; and, in point of 
economy, it is decidedly preferable ; but it requires of course a greater depth of 
flooring. 

148. — ^As the strain is always greatest at the middle of the length of a girder, 
it would be. well to avoid making mortises there, if possible, either for binding 
joists or for any other purpose ; and the most straight-grained part of the beam 
should be put to the under side. 

Also, timber girders should not be built into the wall, but an open space should 
be left round their ends, either by laying a flat stone over them, or by turning an 
arch to carry the wall above. 

Girders should be laid from 9 to 12 inches into the wall, according to the 
bearing. 
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BINDING JOISTS. 

149. — ^The depth of a binding joist is generally determined by the depth of 
the floor ; but this is not always the case ; therefore the rules must be given for 
two cases. 

Case 1. To find the depth of a binding joist, the length and breadth been given. 

Rule.— Divide the square of the length in feet, by the breadth in inches ; and 
the cube root of the quotient multiplied by 3*42 for fir, or by 3-53 for oak, will 
give the depth in inches. ' 

150. — Case 2. To find the breadth, when the depth and length are given. 

EuLE. Divide the square of the length in feet, by the cube of the depth in 
inches ; and multiply the quotient by 40 for fir, or by 44 for oak, which will give 
the breadth in inches. 

These rules suppose the distance apart to be 6 feet ; if the distance apart be 
greater or less than 6 feet, the breadth given by the rule must be increased or 
diminished in proportion. The breadth of the binding joists next the wall may be 
two-thirds of the breadth of the others ; but in general they are made the same 
breadth, or such as are defective are selected for that purpose. 

161. — The binding joists may be from 4 to 6 feet apart, but should not exceed 
6 feet ; and about 6 inches bearing on the wall is sufBicient. 

The manner of framing binding joists into girders is shewn by fig. 46 ; and in 
fitting them great care should be taken that both the bearing parts, a and d, should 
fit to the corresponding parts of the mortise. This is the most important part of 
fitting in a binding joist, yet is often the least attended to. The tenon should be 
about one- sixth of the depth, and at one- third of the depth from the lower side. 

152. — Binding joists that have only to carry a ceiling may have their scantlings 
found by the same rule as for ceiling joists (see art. 154) ; except that the quotient 
must be multiplied by 1"2 instead of 0*64 for fir, and by 1*26 instead of 0*67 for 
oak joists. 



BRIDGING JOISTS. 



153. — ^The rule for the bridging joists is the same as that for single joisting 
(see art. 137). They seldom need be more than two inches in thickness, except 
for ground floors, where they are laid upon sleepers \ in which case, the depth may 
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be found to a breadth of two inches, and an inch may be added to the breadth, on 
account of the situation : as when proper care is not taken to drain and ventilate 
the under side of a ground floor, the joists are subject to very rapid decay. It is 
a good practice to strew smiths' ashes, or even common ashes, under such floors, 
to prevent the growth of fungi. The ashes and scoriae from a foundry, or any 
ashes that contain much iron, are the best. Mr. Batson found this an effectual 
remedy for the dry-rot. He filled a space below the floor, of two feet in depth, 
with anchor-smiths' ashes^ and also charred the sleepers.* (See Sect. X. art. 342.) 



GEILINa JOISTS. 

154. — Ceiling joists require to be no thicker than is necessary to nail the laths 
to ; two inches is quite sufBlcient for that purpose. 

To find the depth of a ceiling joist, when the length of bearing and breadth 
are given. 

BuLE. Divide the length in feet by the cube root of the breadth in inches ; 
and multiply the quotient by 0-64 for fir, or by O'O? for oak, which will give the 
depth in inches required. 

Example. Let the bearing be 6 feet, and the breadth 2 inches ; to find the 
depth of a ceiling joist of fix. 

The cube root of. 2 is nearly 1-26 ; and the length 6 feet, divided by this 

number; that is, j^ = 4'76 ; which being multiplied by the decimal 0*64, gives 

three inches, the depth required. 

155. — If two inches be fixed upon for the breadth, the rule for ceiling joists of 
fir becomes very easy ; for then half the length in feet is the depth in iaches ; that 
is, if the length of bearing be 10 feet, the depth of the joist should be 5 inches. 
The distance apart in the clear is generally from 10 to 12 inches, according to the 
length of the laths. 

It is better to notch ceiling joists to the under side of the binding joists, and 
nail them, than to mortise and chase them in ; because it requires less labour ; 
does not weaken the binding joists, and the ceiling stands better. Oak is not so 
good a material for ceiling joists as fir, because it is more subject to warp ; 
particularly if it be not well seasoned. 



* Transactions of the Society of Arts, vol. xii. p. 265. 

N 
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GENERAL BEMABES BESPBOTIKa FLOOBS. 

156. — Girders should nerer be laid over openings, such as doors or windows, if 
it be possible to avoid it ; and when it is absolutely necessary to lay them so, the 
wall-plates, or templets, must be made strong, and long enough to throw the weight 
upon the piers. It is, however, a bad practice to lay girders obliquely across the 
rooms ; it is much better to put a strong piece as a waU-plate. 

In the bearings of floors the caution of Yitruvius must be attended to ; that is, 
when the ends of the joists are supported by external walls of considerable height, 
the middle part of the joist should never rest upon a partition wall that does not 
go higher tluui the floor ;* for the unequal settlement of the waUs will cause the 
floor to be unlevel, and most likely fracture the cornices. 

167. — ^Wall-plates and templets should be made strcMiger aa the span becomes 
longer : the following proportions may serve for general purposes : — 

inchflB. inohes. 

For a 2(Vfieet bearing, wall-plates 4]^ by 8 

30 6 by 4 

40 7i by 6 

168. — ^Floors should always be kept about three-fourths of aa inch higher in 
the middle than at the sides of a room when first framed ; and also the ceiling 
joists should be fixed about three-fourths of an inch in 20 feet higher in the middle 
than at the sides of the room ; as all floors, however well constructed, will settle 
in some degree. 

In laying the flooring, the boards should always be made to rise a little under 
the doorways, in order that the doors may shut close without dr^ging ; and at 
the same time it assists in making them dear the carpet. 

The following remarks, from Evelyn's Silva, are also worthy of notice : ^' To 
prevent aU possible accidents, when you lay floors, let the joints be shot, fitted, 
and tacked down only the first year, nailing them for good and all the next ; and 
by this means they will lie staunch, close, and witiiout shrinking in the least, as if 
they were aU of one piece : and upon this occasion I am to add an observBtion that 
may prove of no small use to builders, that if one take up deal boards that may 
have lain in the floor a hundred years, and shoot them again, they will certainly 
shrink (toties quoties) without the former method."t 

* Vitruvius, lib. vii. cap. 1. t Evefyn's S]It% Dr. Himter's edit. vol. ii. p. 217. 
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FL00B8 C0N8TBUCTED WITH SHOBT TIMBBBS. 

159. — ^Thare are many carious methods of constructing floors with short 
timbers, which cannot be passed over without notice, and yet are scarcely worthy of 
it ; because they are seldom applied, as long timber is always to be had. To those, 
however, who are more inclined to pursue curious than useful information, the 
following notices respecting such floors may be acceptable. 

Let ABOD,^. 47, Flate lY., represent the plan of a room, and let four joists 
be mortised and tenoned together, at a, ft, c, and c2, in the form shewn in the figure ; 
then it is evident that these joists will mutually support one another : each joist 
being supported at one end by the wall, and at the other by the middle of the next 
joist. This is one of the most simple forms, and will sufficiently explain the 
principle of constructing a floor of shorter timbers than will reach across the room. 

The same thing may be done by mortising and tenoning the joists together in 
the form represented in fig. 48 ; and various other forms will readily suggest 
themselves, the manner being once understood* 

A design for this kind of floor was given by Serlio ;* and the celebrated 
mathematician. Dr. Wallis, has entered very fiilly into the investigation of the 
strength and disposition of these floors, in the first volume of his mathematical 
works. The researches of Dr. Wallis have been reprinted in Nicholson's Archi- 
tectural Dictionary, art. Naked Flooring. The Dutch manner of firaming these 
floors is given in KraSt's Eecueil de Gharpente, Fart iL ; and several forms are 
exhibited in Rondelet's L'Art de B&tir, tome iv. p. 149, &c. 

160. — ^Ferhaps the most singular floor that ever was constructed on a large 
scale, is one that was executed in Amsterdam, for a room 60 feet square, which has 
no joists whatever. There are very strong wall-plates on each side of the room, 
firmly secured with iron straps at the angles, and rebated to receive the flooring. 
The flooring consists of three thicknesses of 1^ inch boards. The first thickness is 
laid diagonally across the opening, the ends resting in the rebates of the wall-plates ; 
and rising about 2^ inches higher in the middle than at the sides of the room. 
The second thickness of boards is laid diagonally, but the direction is the reverse 
of the first thickness ; and the two thicknesses are well nailed together. The 
boards of the third thickness are laid parallel to one of the sides of the room, and 
form the upper side of the floor, being also well nailed to the boards below. All the 

* Totte L' Opere di Architettura di Serlio da Soamozzi Yenez. 1600, lib. L 

n2 
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boards are grooved and tongued together^ and form a solid floor, 4^ inches in thick- 
ness.* This example shews how much may be accomplished by a well-disposed 
bond, and firm connexion of parts. This floor partakes of the nature of a thin 
plate supported all round the edges ; the strengths of plates supported in this 
manner are directly as the squares of their thicknesses, and they are equally strong 
to support a weight in the middle, whatever the extent of bearing may be : but 
when the load is uniformly distributed, the strength is inversely as the area of the 
space it covers, t 

• Ronddet, L'Art de Batir, tome iv, p. 154. 

t Emerson's Mechanics, 4to., sect. viii. prop. 73, cor. 5 ; or Marriotte's Hydrostatics, p. 248. 
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SECTION IV. 



OF THE CONSTRUCTION OF ROOFS.* 

161, — A EOOF is intended to cover and protect a building fifom the eflEiects of 
the weather, and also to bind and give strength and firmness to the fabric. To 
effect these purposes it should neither be too heavy nor too light, but of a just 
proportion in all its parts to the magnitude of the building. Mr. Ware observes 
(Architecture, p. 121), that in practice roofs are generally made too heavy ; and 
that he will do a most acceptable service to his profession, who shall shew how to 
retrench and execute the same roof with the smallest quantity of timber ; he will 
by this take an unnecessary load off the walls, and a large and useless expense 
from the owner. 

The timber roofs meant to imitate the styles of building called Norman 
and Gothic, are generally made without horizontal ties at the feet of the rafters, 
as if intended to be supported by the walls, as an arch is supported by its 
abutments ; the heavy walls they were in the habit of erecting in the Norman 
style, and the skilful disposition of buttresses in the Gothic, rendering ties 
unnecessary ; besides, a tie-beam would have been wholly incompatible with their 
mode of finishing the interior of a building, f 



* See also Appendix, contaming a description of several ancient and modem Roofs. 

t In the true Norman and Gothic architecture, before its debasement, neither a tie-beam nor any other 
use^ part was " incompatible with their mode of finishing," as that mode consisted in refining and beauti- 
fying such parts, not in disguising or suppressing them. Before the commencement of qffheted or mimic 
architecture in the fourteenth century, we beHeve that tie-beams were universal, and the best Gothic 
buildings without stone vaulting have the wooden ceilmg&Jhlhwinff the hortzontal position of such beams. 
The Author was apparently misled in this matter of fact, either by modem mimicries or by the hardly less 
absiml roofs of the fifbeenth century, which were a mere vagary of representative architecture, simulating 
the forms of masonry in timber. Dr. Eobison (Mech. Phil. § 654) first pointed out this mimic nature of 
the late and debased Gothic woodwork, but fell into this same mistake of viewing it as a part of the Gothic 
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Their principles of constraction bear a nearer analogy to masonry than to 
modem carpentry. It is true they sometimes erred in pladng too great an oblique 
pressure against the walls ; but in general we have more to admire than condemn 
in those celebrated buildings. The fashion of timber-framed roofs originated about 
the reign of Edward III. as applied to great haUs. They became common about 
1400, and spans of considerable extent were roofed in a most judicious manner.* 
The timber roof of the Gothic architects was generally executed in oak, and 
ornamented with bold and graceful mouldings^ having richly carved ornaments 
at the joinings.f The most elaborate specimens are the halls at Christ Ghurchj 
Oxford, and Hampton Court ; that at Trinity College, Cambridge, is somewhat 
inferior : each of these is 40 feet span, t The span of the roof of Westminster Hall 
is 66 feet.§ 

In the old Gothic buildings the roof is always of a high pitch : its outline forms 
a striking feature, and is in general in graceful proportion with the magnitude of 
the building : sometimes, however, it presents too extensive a plain surface, of 
which we have a notable instance in the roof of Westminster Hall. A high roof 
is in perfect unison with the aspiring and pyramidal character of Gothic architecture ; 
but in the opposite, though not less beautiful, style of the Greeks, it becomes a 
less conspicuous object : indeed many of the Grecian buildings were never intended 
to be roofed at all. Yet when a roof was necessary it was not attempted to be 
hidden, but constituted one of the most ornamental parts of the building. Of timber 
roofs we have no examples in Grecian buildings ; but the beautiful stone roof of 
the Octagon Tower of Andronicus Cyrrhestes, || and that of the Ghoragic Monument 



system itself^ instead of a mere accident of its decline and corruption. In the true Norman and Gkythic, 
before they were debased with fashions and conceits, if tie-beams hardly appear, it is because nearly all 
important buildings were vaulted or ^'chare-roofed" within and bebw the timber rooi^ which therefore 
needed no decoration or finishing. Where this was not the case, tie-beams formed the chief feature of the 
roofs whether ceiled or not. — En. 1852. 

* In England all judicious timber roofing ceased, in buildings of pretension, about 1400, and gave place 
to the extravaganzas above alluded to, of which Westminster Hall (1896) was the first and largest in scale, 
and the Middle Temple Hall probably the most senseless and wasteful for its size. Dr. Bobison cites 
Tamaway Hall as an example of the science and real art of the earlier roofs before the age of afifectation. — 
Ed. 1852. 

t See Smith's Specimens of Ancient Carpentry, on thirty-six plates, 4to. 1786, where the forms of various 
roo& of this kind are given. 

X Dallaway*s Observations on English Architecture, p. 188. § Idem, p. 189. 

II Stuart's Athens, vol. i. p. 13. 
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of Ljrsicrates,* are snfficieiit to shew that they were more indined to ornament 
than to hide this essential part of a huilding. 

162. — In carpentry, the term Boqf is appUed to the framing of timher which 
supports the coyering of a building. The ^Uch oli a roof, or the angle which its 
inclined side forms with the horizon, is varied according to the climate and the nature 
of the covering. The inhabitants of cold countries make their roofs very high, 
while those of warm countries, where it seldom rains or snows, make their roofs 
nearly flat. But even in the same climate the pitch of the roof has been subject to 
many variations. Formerly roofs were made very high, to prevent snow drifting 
between the slates, and perhaps with the notion that the snow would slide off 
easier : but where there are parapets, a high roof is attended with bad effects, as 
the snow slips down and stops the gutters, and an overflow of water is the conse- 
quence : besides, the water in heavy rains descends with such velocity that the pipes 
cannot convey it away soon enough to prevent the gutters being overflown ; and 
the drift of snow is prevented by the greater care taken to render the joints dose, 
and by boarding under the slates instead of using laths. In high roofs the action 
of the wind is one of the most considerable forces they have to sustain, and it 
i^pears to have been with a view of lessening their height that the Mansard or 
curb roof was invented. This form of roof has however been in a great measure 
abandoned, being now adopted in town houses only ; and were it not for the absurd 
restrictions in the Building Act, it would very soon be wholly laid aside. The 
quantity of room lost by a curb roof, the difficulty of freeing the gutters from snow, 
and the ungraceful effect of the roof itself, are objections that few would encounter 
to save the small difference between the expense of this and a common roof, 
espedaUy now that experience has proved that roofs may be made of a much less 
height than our ancestors were in the habit of making them. 

163. — ^The height of a roof, at the present time, is very rarely above one-third 
of the span, and it should never be less than one-sixth. The most usual pitch for 
slates is when the height is one-fourth of the span, or when the angle with the 
horizon is 26^ degrees. 

The pediments of l^e Greek temples make an angle of from 12 to 16 degrees 
with the horizon ; the latter corresponds nearly with one-seventh of the span. 
The pediments of the Roman buildings vary from 23 to 24 degrees : 24 degrees is 
nearly two-ninths of the span ; and is the angle Falladio recommends for roofs in 

Italy.t 

The kinds of covering used for timber roofs are copper, lead, iron, tinned iron, 

• Stuart's Athens, vol. i. p. 27. t Architect, book L chap. 29. 
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zinc, slates of different kinds, tiles, shingles,* reeds, straw, and heath. Taking the 
angle for slates to be 26^ degrees, the following table will shew the degree of incli- 
nation that may be given for other materials. 






Kind of ooTering. 



Copper or lead 

Slates, large 

Ditto, ordinary 

Stone slate 

Plain tiles 

Pantiles 

Thatch of straw, reeds, or heath 

Force of wind does not generallj exceed 



iQcUnation to the hori> 
ion in degrees. 



deg. 

3 

22 

26 

29 
29 
24 
45 



min. 

50 



33 

41 

41 







Height of roof in parts 
of span. 



1 
t 

t 
T 



fl 



Weight npon a square 
foot of roofing. 



C copper I'OO lbs, 
( lead 7-00 

11-20 
C from 9-00 
(to 500 

23-80 

17-80 

6-50 

straw 6'50 

40-00 



OF THE FORMS OP ROOFS FOE DIFFERENT SPANS. 



164. — A roof for a span of from 20 to 30 feet may have a truss of the form 
shewn in Plate V. fig. 49. Within the limits above stated the purlins do not 
become too wide apart, nor the points of support for the tie-beam ; and in the 
table No. 5, at the end of the volume, the scantlings of the timbers are given 
according to the length and bearing of the diflferent parts. The figure (49) is 
drawn with a parapet on one side and eaves on the other side. 

165. — ^Por spans exceeding 30 feet, and under 45 feet, the truss exhibited in 
Plate y.fig. 50, is extremely weU adapted; each purlin is supported, consequently 
there are no cross strains on the principal rafters ; and the points of support divide 
the tie-beam into three comparatively short bearings. The scantlings may be had 
from the table No. 6, at the end of the volume. 

The sagging which usually takes place from the shrinking of the heads of the 
queen posts may be avoided by letting the end of the principal rafter abut against 
the end of the straining beam S ; and notching pieces and bolting them together 
in pairs at each joint. The side marked D of the figure is supposed to be done in 
this manner. This is further illustrated in Sect. IX. (See art. 306.) The same 

• Shmgles are now very little employed in this country, though they appear to have been much used 
formerly (see Neve's Builder's Dictionary, art. Shingle ; Britton's Archit. Antiq., vol. ii. p. 79) ; and are 
still much in use in the West Indies and in America. 
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method is applicable to any other roof; therefore it appeared better to explain it 
under the head of Joints than under any particular design** 

166. — ^When the span exceeds 46 feet, and is not more than 60 feet, the truss 
shewn in Plate Y I. fig. 61, is sufiElciently strong for the purpose, and leaves a consi- 
derable degree of free space in the middle. !For this span the tie beam will most 
likely require to be scarfed, and as the bearing of that portion of the tie beam 



* Oomparatke inew of the McaMingf of Umber for a truned roofhmng a clear span of 40 feet, 

a» given in Tredgol^e *^ Carpentry,** 





Tie-beam. 


Qneea post 


Prindpil. 


strut. 


Purlin. 


CoBUBim 

rafter. 


Stniaiiig 
beam. 

4 


Tredgold 


rxir 

S^X 5" 


rx4" 
rx2t" 


6"x6" 

rxe" 


2i" X 4i" 
f8rx4" 7 

i2rx2i"; 


5" xsr 

4r X ej" 


2^X4i" 


ff'xS" 
S-x^l' 


iFigureB 20,21 ... 



TruMes nearly resembling that represented in this diagram, were nsed in the eonstmetion of the camp 

c 




equipage store-room at Bombay, in 1889, and are fomid perfectly efficient, though the weight fkr exceds that 
of Tredgold's roof, and a saving of one-third of the timber is effected. 

Jfote of the EdUore of the "" ^apere (if the Boyal Baaineere**— The Corpe of Boyal Engmeers should be 

E 
reminded, the Master-General and Board of Ordnance, by their* order of the 2nd December, 1844, f^^ 

directed that Tredgold's Treatise on Oarpentxy, as reyised by Barlow, should be adopted. — Ool. Waddington't 
Paper mi vol. z, *^ Fapere of the Boyal Engineere** 

O 
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between a and b is short, the soarf should be made there. The middle part of the 
tie beam may be made stronger by bolting the straining sill s to it. The scantlings 
may be got from the table, No. 7, at the end of the volume ; and the principles of 
scarfing and joints are detailed in Beet. IX. 

167. — A truss for a roof from 75 to 90 feet span is shewn hjfig. 62, I^late VI. 
In this truss the straining sill e should be tabled or keyed, and bolted to the tie 
beam in the manner that has already been proposed for increasing the depth of 
girders : (see Sect. III. art« 143.) This truss nearly resembles the roof of the 
Birmingham Theatre. 

168. — By omitting, or rather reducing, the upper part of the truss in^^. 52 to the 
same form as that in^^. 51, the truss would answer for a bearing of from 60 to 75 
feet. The scantlings may be had from the table. No. 8, at the end of the volume. 

But when the span is so very wide, unless the building be of a proportional 
height, the roof exhibits such an immense mass of plain surface^ that it 
destroys the architectural effect of the building ; besides, it is difficult to light 
the large space in the roof in any way that would not be objectionable on account 
of the external appearance. 

169. — To avoid a large expanse of roof, the truss may be of the form shewn in 
Plate VII. Jig. 53, from Price's British Carpenter. A roof of this form is called 
an M roof. It would do for a span of from 55 to 65 feet ; but it would be better 
to make the top flat, and cover it with lead, and adopt the truss represented in 
£lateYI.Jig. 52, as the space gained in the roof would amply repay the expense of 
the lead flat. The scantlings of the M roof may be got from the table. No. 0, at 
the end of the volume. 

170. — In spans exceeding 65 feet, the truss that was adopted in the construction 
of Drury Lane Theatre, in 1793, is, in respect to form, perhaps one of the best that 
can be devised of its kind. Plate YII. fig. 54, shews a roof on the same principle, 
of which the scantlings may be obtained from the table. No. 10, at the end of the 
volume. One part of the principal truss is shewn with a queen post, the other 
with suspending pieces, as described in art. 306, Sect. IX. The middle part of the 
principal tie beam is supposed to be built as a girder. 

171. — There is a considerable degree of difficulty in executing a roof when 
there are a great number of joints, and the timbers of large dimensions ; and the 
shrinkage of the king or queen posts often produces considerable derangements in 
the truss. It lA obviousy that to make principal rafters in a continued series of 
pieces abutting end to end against one another would remedy these defects. These 
pieces would then form a kind of curve, and according to the degree of neatness 
required, might be made regular, or left with projecting angles^ as ia sbewii by 
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fig. 65, l^laie VIII. These pieces might either be bolted, or mortised and put 
together with wooden keys, as represented in fig. 56. The length of the pieces 
would be determined by the form of the ourre ; crooked timber would be preferable 
for the ribs where it could be procured, as the joints should be as few as possible, 
and they should be crossed, like the joints in stone-work. 

"Plate VIII. fig. 67, shews a roof constructed in this manner. Each of the 
supports for the tie beam marked S, S, &o. consists of two pieces, one put on each 
side of the rib, and notched both to the rib and to the tie beam. The pieces are 
bolted together, as is shewn by a section to a larger scale, through one of these 
pairs of suspending pieces, in^^. 68. This mode of construction admits of a much 
firmer connection with the tie beam than is procured by the ordinary mode, and 
the number of suspending pieces may be increased at pleasure. The best situation 
for the suspending pieces is at the joints of the curred rib. 

The weight of the roof being very nearly uniformly distributed, the form of the 
curved rib should be a parabola (see Sect. I. art. 67) ; and as this curve is easily 
described with sufficient accuracy for this purpose, it is best to adopt it ; because, 
in that case, the strain firom the weight of the roof and ceiling will have no tendency 
whatever to derange the form of the rib ; and its depth will always be sufficient to 
withstand any partial force to which a roof is ever likely to be exposed. Consequently, 
when the rib is of a parabolic form, diagonal braces will be unnecessary as regards 
the constant strain ; nevertheless, if they be added, they wiU increase the strength 
to resist any partial strain in a very considerable degree. 

To construct the parabola, let AB, fig. 69, be drawn for the upper side of the 
tie beam, and AC, CB, for the under side of the common or small rafters. Then 
divide AG and CB each into the same number of equal parts (an even number is 
to be preferred) ; and join the points 1 and 1, 2 and 2, &c. ; then the curve formed 
by these intersecting lines will be the parab(da required. 

But it will be found that this curve scarcely differs from a circular arc that 
rises half the height of the roof : therefore either may be used. 

If a lantern or any other structure is to be raised on the top, a hyperbolic curve 
should be adopted ; which admits of a considerable increase of pressure at the 

crown.* 

The scantlings of the curved ribs are given in table No. 12, at the end of the 
volume. The tie beam will require to be scarfed for large spans, and would be 
best made in two thicknesses, and joined so that the scarfs should not be opposite 
one another. 

• The most simple method of describing this curve is given by " Nicholson's Carpentry and Joinery," 
2 vols. 4to ; a work which every carpenter ought to be in possession of. 

o 2 
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172. — Smaller roofs might be constructed in a similar manneri at a comparatively 
small expense. But in these, instead of forming the rib of short pieces, it might 
be bent by a method somewhat similar to that proposed by Mr. Hookey for bending 
ship timber.* 

If the depth of a piece of timber does not exceed a hundred and twentieth part 
of its length, it may be bent into a curve that will rise about one-eighth of the 
span without impairing its elastic force. And if two such pieces be laid one upon 
the other, and then bent together by means of a rope fixed at the ends, they may 
be easily brought to the form of the required curve, by twisting the rope as a 
stone sawyer tightens his saw, or as a common bow saw is tightened. The pieces 
may then be bolted together ; and if this operation be performed in a workman* 
like manner, the pieces will spring very little when the rope is gently slacked ; 
and it is advisable to do it gradually, that the parts m^y take their proper bearing 
without crippling. 

Otherwise, a piece of about one-sixtieth part of the span in thickness may be 
sawn along the middle of its depth, with a thin saw, from each end towards the 
middle of the length, leaving a part of about 8 feet in the middle of the length 
uncut. The pieces may then be bent to the proper curve, and bolted as before. 

In either case the rise of the ribs should be half the height of the roof; and they 
should be bent about one-fourth more, to allow for the springing back when the 
rope is taken off. A roof of this kind for a 30-feet span is shewn by Flate YIII. 
fig. 60. The suspending pieces are notched on each side, in pairs, and bolted or 
strapped together, as shewn hjfig. 58. 

The advantages of this roof consist in the small number of joints in the truss, 
in being able to support the tie beam at any number of points, in admitting of a 
firm and simple connection with the tie beam, and in avoiding the ill effects 
attending the shrinking of king or queen posts. The scantlings are given in table 
No. 11, at the end of the volume. 

173. — In the construction of modem roofs a continued tie at the foot of the 
rafters is always necessary, (though sometimes it has been omitted,) for in general 
the lightness of the walls renders them incapable of sustaining much lateral 
pressure ; and this pressure is entirely removed by a straight tie beam. 

Leaving out the tie beam gains only a very small space in height, and this 
space may generaUy be obtained, without injury to the external effect of the 
building, by raising the walls a little higher : this therefore ought generally to be 
done ; for a roof without such tie must be subject to the following defects. 

* Transactionfl of the Sodetj of Arts, yoL xzxii. p. 06. 
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In the first place, let fig. 61, Flate IX. represent a roof with a collar beam Cc ; 
the whole weight of such a roof is sustained by the parts of the rafters AC, and 
Be ; and when the roof has the weight of the covering upon it, it will settle in 
proportion to this weight, in consequence of the lower parts of the rafters bending 
at C, c, which will press out the walls. The reader who has thoroughly considered 
the effect of weight in producing flexure, will readily see that outward pressure 
against the walls with some spreading of the feet cannot be avoided in this con- 
struction, though it may be lessened by making the rafters very strong at the lower 
part. Failures, however, are often observed firom adopting this form for a roof. 

174.— In wider spans another mode of construction has been employed, which, 
though better, is not a good one, from the powerful strains that are excited in it 
by the oblique disposition of the beams. To shew the nature of these strains, let 
us take fig. 62 from Mr. Price's work,* who has said much in praise of it, appa- 
rently without being aware of its mechanical defects. The essential parts of this 
roof are contained in^^ 8, Plate I. : and by comparing the strains produced by 
the weight in that figure, with the strains when CA is in a horizontal position, it 
will be found the strains are more than doubled by the oblique position of CA. 
Betuming again to the section of the roof in Plate IX. Let the vertical line aE 
be drawn, fig 62, and let a b upon this line represent the weight of half the roof; 
also draw c b parallel to AC, and o a parallel to AD. Then the weight and 
pressures will be measured by a 6, & c, and a c. But if there had been a tie beam 
A B, the pressures produced by the same weight would have been only b d and a c2; 
hence it appears that they are nearly doubled, while the space gained in the 
middle in height amounts only to about one-ninth of the span. To gain this 
small advantage we encounter the difficulty of making a firm connection of the 
ties at C, with the certainty of a considerable change of figure from flexure, the 
settlement from the number of the joints, and the magnitude of the strains. It 
also must be remembered, that whatever degree of settlement takes place will tend 
to move out the walls, and that the same degree of settlement will produce a 
greater effect in thrusting out the walls in proportion as CE is greater. Having 
thus pointed out the defects of this kind of roof, we must leave the reader to judge 
for himself on the propriety of adopting it. 

* Britbh Carpenter, Plate K, fig. L. In the later attempts to give strength to roofo of this form, the 
heams AC, BC, cross each other, and are connected to the principal rafters ; the ooostnictiQn is not so 
improved hy the alteration as to prevent the applicatioii of every ohjection here urged against the roof; for 
the objections are to the principle, and apply to a roof formed out of one piece of iron as well as to a wooden 
one ; bat of course the more imperfect the oonstnietion, the more the walls will be forced out by the flexure 
and settlement. 



102 ROOM. [§ IV. 

175,-*<^ThQ ce^tpQ aisle Qf churches being often highw than the side ones^ the 
9ime effect, w when the tie coixtiuuea through, may he produced by coimeetiug the 
lower heama, by means of bracea, to the upper one, so that the whole may be as a 
single beam. To illustrate this prinoiple, we hare drawn the roof in Jiff. 68,1 
which is for a ohuroh similar to St« Martin's in London. Here the lower ties^ 
B, 3\ are so conneoted to the principal tie beam AA\ by mesjis of the braces ^ b\ 
that the foot of the principal rafters F,F, oannot spread without sbretehing AA\ 
The iron rods a[, a', perform the office of king posts to the ties B,B' ; and arebetter 
than timber, because the shrinkage of timber ones would be particularly olgection"' 
able in that situation. The oblique positions of d 4' wiU reader them effectual in 
opposing the spread of the rafters. 

Fiff. 64, Plate IX. is a sketch of the roof of Westminster School, from Smith's 
specimens of Anciwt Carpentry.* It shews the most usual form of the roofe of 
Gothic halls, as they differ more in the tracery and ornaments than in the essen^ 
tial parts of the firaming. The timbers are so disposed as to throw the pressures 
a Qonsiderable way down the walls, and at the same time nearly in a vertical 
direction. Indeed, considering the effect that was Intended to be produced, and 
the massive walls for abutments^ the arrangement of the parts is worthy of much 
praise. 



QK PBOPOETXOKINO THE PABT8 QF ROOFS. 

176 — ^The proportions of the timbers depend so much on the design of the 
framing of a roof,t that it would be impossible to furnish rules which should apply 
directly to all cases ; nevertheless, by considering a few combinations, the method 



* Plate VIXI. Smith'a flpedmena would have been YiluaUe if they had heion aeoampaiued with dimffmoim^ 
aud a short description of eaeh. 

t DESOMFTIOlf or AU OBJDHTABT BOMBAY BOOF. 

The accompanying fig. represents a truss of 40 feet span, siiqjporting, with ol^er trasses placed at intervab 
of 10 feet, a roof which slopes 30" from the horizon, and has an extreme span from eave to eave of 50 feet. 
The tie heam is supported at equal intervals of 8 feet, and the purlins and wall-plate are also sepaarated hy 
equal distances of 6*85 feet. The struts, rods, and queen posts are so disposed bb in a great measure to 
neutralize pressure on the principal rafters, except in direction of their length ; and the oommon rafters are 
supposed to extend in one length from ridge to eave^ and to he 15 inches apart. The hatteos are each 
2 X f\ sAd their edges 2 inches apart, covered hy a douhb hamhoo mat ; the eaves single^tikd, the lower 
row heing laid in chunam, the rest of the roof double-tiled, and the ridge of chunam. 
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that may be adoptdd will be seeoi aad oooseqtteiitly may be applied to designs 
made on other principles than those already shewn* In roo&» Its in floorsi we 



CaleulaHon qfthe weight of the Boqf. 

Weight ^\ sgptoMfoot douhle^UM, $MhM9B itffurhni ani tKnm. 

22 tiles, each 10* long, 8^"^ mean diameter, and weighing, when wet, 20 oz 

1 square foot of doubled bamboo mat, weighing 7 oz 

8* X 2* X i" = 27 cubic inches teak battens, of specific gravity 746 = 11*64 oz. 

^ X 8" dkmeter = 67*65856 cubic inches teak rafteit, of do. ^ 29*266 oz 

2f hfttlen nails, length li inch, 100 per ft 



= 27*5 

= 0*4376 „ 

= 0*7276 „ 

±s 1*6286 „ 

= 0-0240 „ 



Total « 806176 „ 

And the weight of 1 square foot, single-tiled, is less than the above by the weight of half the number of 
tilas s (805176 As. - 18*75 lbs. s) 16*7675 fts. 



Weighs qf 9/M okwMm 

10 naming feet of chunamed eava, tilas excluATe^ a;t Ofts. pef foot 
1 teak eave board, 10" X 4^" X i"" a: 860 cubic inches. 

Deduct for the displaced battati, 10" x 2'' x F s 00 „ 



^«Md*« 



270 cobic inchei 



Total 



•• 



:£: 90 



lbs. 



• • 



7-275 „ 



« 07 276 „ 



Weight ofehwMm ridge, 
10 nmiiing feet chunam ridge^ induding ridge-tiles, at 28 bs. per foot. 



= 280 bs. 




Weight cf ridge-pole, 

1 teak Tidge-pote, lO' x W x IV ^ 2260 cubic inches. . . 

16 rsAeir nails, length 6 inches, 8 per lb 

1 ridge nail, length 9 indies, 4 per lb 



60*6283 fes. 
2-0000 
0*2600 



n 



Total = 62*8788 



n 



» 



104 



BOOFS; 



[§IV. 



hare taken the constant number in each case from a comparison of roofs alreadj 
executed, and known to stand. 

OF KINO FOS'TS, 80HBTIME8 CALLED CBOWK POSTS. 

177.— The king post is intended to support the ceiling, and by means of the 
braces to support part of the weight of the roof; it is marked £ in the roofs. 



Weight of 1 purlin and block. 

1 teak purlin, la x 4^" x 6^ == 34425 cubic inches 

Iteak block,!' X S'' X Si'' = 210 cubic inches 

8 rafter nails, length 6 inches, 8 per & 

1 purlin nail and 2 block nails, length 9 inches, 4 per &. 



• • 



92-7612 fts. 

5-6586 „ 

10000 „ 

0-7500 „ 



Total = 100-1698 



It 



Weight of the truit, 

1 teak tie-beam, W x 5" X 5" =r 18500 cubic inches 

2 principal rafters (each 19' X 5"" x 6") = 13702 cubic inches 

2 upper ditto (each 5' X dT diam.) == 848*232 cub. in. s 21*563 fts 

With 1 rafter nail := 0126 

1 straining beam, 7''8 x 5" x 4''-5 = 2106 cubic inches 






863-7696 lbs. 
369-2342 ,, 

21-6880 « 



2 queen posts (^ ^'^ x 5" x 2''-4\ _ ^244^ cub. in. = 874340 fts."] 
^ ^ and 0-8 X 5 X 5 / I 

With 2 iron plates (each 2^ X r X iO> i«>n bolf^ f 

ic V = 5- 



s 56-7480 



92-7468 



6^^^ X f diameter, and nut, altogether 9*445 cubic 

inches, at 4*5 oz. per cubic inch 

2 upper struts (each 8'*25 X 8"'5 x 4") s 2772 cubic inches 

2 lower struts (each 4'-2 x 2''-25 x 2''*75) = 628-7 cubic inches. . . . 
2 iron rods (each 7''2 X i" diam. with nut) = 76*9 cubic inches. . . . 



3128 &s. 



74-7688 
16-8062 
21-6280 



Total = 1017.3846 



CaleulatUm of the weight of a FUuiered Ceiling, 

Weight qf square foot. 
V X W X Si'' =: 68 cubic inches teak joist ^ 

f X IV X 2i'' = 9 cub. in. batten. naUed to tie-beam I 10575 cubic inches 
12' X V X f = 33-75 cubic inches ceiling battens J 

^th joist nail, length 6 inches, 8 per & 

ith batten nail, length 3 inches, 30 per ft 

12 ceiling nails, 240 per ft. 

1 squaie foot chunam plaster := 11 fts. 6 oz. 

Total 



» 



n 



n 



n 



tf 



2-8495 


lbs. 


0-0250 


n 


00066 


n 


0-0500 


» 


11-3750 


n 


143061 


n 
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fig. 49, 52, and 54^ Plates Y. YI. and YII. The weight suspended by the king 
post will be proportional to the span of the roof ; therefore to find the scantling, 

BuLE. Multiply the length of the post in feet, by the span in feet. Then 
multiply this product by the decimal 0*12 for fir, or by 0*13 for oak, which will 
gire the area of section of the king post in inches ; and this area divided by the 
breadth wiU give the thickness ; or by the thickness, will give the breadth. 

QUEEN POSTS AND 8TJSPENDIN0 PIECES. 



178. — Queen posts and suspending pieces are strained in a similar manner to 
king posts, but the load upon them is only proportional to that part of the length 
of the tie beam suspended by each suspending piece or queen post. In queen 
posts the part suspended by each is generally half the span. 

BxTLE. Multiply the length in feet, of the queen post or suspending piece, by 
that part of the length of the tie beam it supports, also in feet. This product 
multiplied by the decimal 0*27 for fir, or by 0*32 for oak, will give the area of 



From the foregoing Articles we find the weight of roof, fig. 20, between truss and truss, to be as under, 
exdusiye of the truss, purlins, and ridge-pole. 

The span firom Z to Z = 45' x 11547 for the slope (Art. 39), x 10', thel 

distance of the trusses, is =s 519*615 square feet of double tiles, which y =: 15857*35 fts. 

X 30*5175 fbs. weight per square foot (Art. 43), gives J 

The width of the two eaves = 5' X 1*1547 x 10' = 57*735 square feetT 

of single tiles, which X 16*7675 lbs. weight per square foot (Art. >- =: 968*07 „ 

43), is J 

The weight of the chunam ridge is =s 280*00 „ 

Ditto of the two chunam eaves = 194*55 „ 

Total = 17299*97 „ 

which weight may be thus divided : 

Weight of the chunam ridge atO = 280 flto. 

Ditto &om to E =: 54*86 sq. ft. X 30*5175 fts. = 1674 lbs. which x 2 = 3348 „ 

Ditto firom E to P == 63-5 „ X ditto = 1938 „ „ x 2 = 3876 „ 

Ditto firom F to H = ditto x ditto = 1938 „ „ x 2 = 3876 „ 

Ditto firom H to A = ditto x ditto = 1938 „ „ x 2 = 8876 „ 

Ditto fix)m A to 2 = 14-44sq. ft. x ditto =: 441 „ „ x 2 = 882 „ 

Ditto fix)m I tol ^ 28*86 „ x 16*7675 bs. sr 484 „ „ x 2 = 968 „ 

Ditto of two chunam eaves -t 194 „ 

— Oohnel Waddingtoris Paper on the DocMnee ef Carpewtry^ in Vol, 10 Fapere of the Boyal Engineen, 

P 



I 



106 ROOD'S. [§IV. 

section of the post in inches ; and this area divided by the thickness will gire the 
breadth. 

Example. In the roof, fig. 50, JSlaie V., each queen post, Q, supports one- 
third of the tie beam, or 13*3 feet of it, and the length of the queen post is 6 feet; 
therefore 13-3 X 6 X 0*27 = 21-646, the area in the shaft in inches. If the 

thickness of the truss be six inches, then ??l|*? = 3*6 nearly, and the queen post 

should be 6 inches by 3*6 inches. It is called 6 by 4 in the table No. 6. 

These rules give the scantling in the smallest part of the pieces ; and in order 
to avoid the bad effects arising from the shrinking of the king or queen posts, the 
heads must be kept as small as possible, and the timber should be well seasoned. 
Hard oak makes the best, because it will be least compressed by the ends of the 
principal rafters. 

179. — It has been proposed to let the ends of the principal rafters abut against 
each other, and to suspend the king post by straps of iron ; but a piece of good 
carpentry should depend as little on straps as possible, and it would be better, and 
less expensive, to make a king or queen post wholly of cast iron, than to depend 
on wrought^iron straps. The breadth of a cast-iron king or queen post should be 
about one-fourth of an oak one, to be equally as strong. By a method described 
in Sect. IX. art. 306,/^. 148 and 149, Flate XXII. the rafters abut against each 
other, and the tie beam is suspended by pieces bolted on each side; which is 
perhaps the best practical method. 

180. — ^The common method of forming the joint between the principal xafter 
and king post is shewn ^jfig- 146, Plate XXII. ; but it is obvious that when the 
roof settles, unless it be provided for the change, the whole bearing will be on the 
upper angles of the joints, as at a, and these sharp angles will indent into the king 
post, or become bruised, in proportion to the degree of settling, and of course increase 
it. And as all roofs will settle more or less, the carpenter wUl see how important 
it is to make the joints bear on the opposite comer when first fitted. To remedy 
this defect, we would propose to make the joint in the form of a circular arc, in 
order that the pressure on every part may be equal, whatever degree of settling 
may take place. A joint of this kind is shewn by fig. 147 ; and A and D shew 
the parts separated. The centre for describing the arc should be in the middle of 
the depth of the rafter, and should be as near the end as possible, so as not to cut 
too much into the king post. See Sect. IX. art. 304 and 306. 
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TIE BEAMS. 

181. — ^A tie beam is affected by two straiiis, the one in the direction of the 
length from the thrust of the principal rafters ; the other is a cross strain from the 
weight of the ceiling. In estimating the strength, the thrust of the rafters need 
not be considered, because the beam is always abundantly strong to resist this 
strain ; and when a beam is strained in the direction of the length, it rather 
increases the strength to resist a cross strain. Therefore the pressure, or the 
weight supported by the tie beam, will be proportional to the length of the longest 
part of it that is unsupported. But there are two cases, one where the weight is 
merely the weight of the ceiling ; the other where there are rooms in the roof. 

Case 1. To find the scantling of a tie beam which has only to support a 
ceiling, the length of the longest unsupported part being given. 

BuLE. Piyide the length of the longest unsupported part by the cube root 
of the breadth ; and the quotient multiplied by 1*47 will be the depth required 
for fir, in inches ; or multiply by 1*52, which will give the depth for oak, in inches. 

182. — Case 2. In the case where there are rooms above the tie beam, the 
rule is the same as that for girders. See Sect. III. art. 138 and 139. 

Example to Case 1. The length of the longest unsupported part of the tie 
beam in the roof, fig. 53, Plate V II., is 17 feet ; and the thickness of the truss is 
9 inches. Required the depth. Here the cube root of 9 is 208 very nearly; 

therefore, n.^^^^^ = 12 inches, the depth required. 

183. — Tie beams are often unnecessarily cut to pieces with mortises, where the 
king or queen posts join them ; it is much better to make very short tenons to the 
lower end of these posts, and to support the beam by means of straps. The best 
method of cocking or cogging the tie beam upon the wall-plate is shewn by fig. 65, 
Flate IX. 

Sometimes blocks are placed under the ends of tie beams, for the purpose of 
adding to the security of tiie roof if the ends of the tie beams should decay. The 
roof of the Theatre d' Argentina, and that of the Basilica of St. Paul, have blocks 
of this kind. (See Plate X.) The present roof of Covent Garden Theatre, and 
that of Drury Lane Theatre, are also formed in this manner ; as well as several 
other modern roofs. 

In respect to the use of these blocks as a security in case of decay, it can only 
be from affording a greater quantity of matter for the causes of decay to act upon. 
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and is as likely to accelerate as to retard its progress. And by adding to the depth 
of timber at the points of support, the settlement from shrinkage wUl become 
considerable. Also, whether the blocks be firmly connected to the tie beam or 
not, by raising the middle part of the tie beam above the real points of support, a 
lateral pressure equivalent to that of a beam cambered in the same degree, will be 
exerted against the walls. 

If the ends of the tie beams be left with a perfectly free space round them, so 
that there would be nothing to retain any moisture in contact with them, there 
would be little to apprehend from decay. And if a further security should be 
thought necessary, cast-iron plates fixed to the sides of the tie beams might be 
used instead of wooden blocks ; which would support the roof were the ends of the 
wooden beams to decay. 

It is a common practice in framing roofs to force the tie beam to a certain 
degree of camber, wMch appears to have been introduced under the idea that a 
cambered beam partakes of the nature of an arch ; this, as has been justly observed 
by a late writer,* is one of the fallacies which it is the business of the mathematical 
theory of carpentry to dispel. It is obvious that when a cambered beam settles, 
it has a tendency to thrust out the walls, instead of being a bond to tie them 
together. The Gothic builders sometimes laid naturally crooked timbers with the 
round side upwards for tie beams ; but then their walls were capable of supporting 
considerable lateral pressure. In some of the tie beams of Durham Cathedral this 
curvature is very considerable ; but modern walls are constructed on different 
principles, and require all the connection a roof can be made to give them, instead 
of being sufficient to withstand the thrust of a cambered beam. Where there are 
ceiling joists, it is easy to keep them a little higher in the middle of a ceiling, at 
the rate of about an inch in 20 feet, which prevents the settling from offending 
** the eye of the beholder ;*' and consequently accomplishes all that Mr. Price and 
others propose to do by cambering the tie beam. 



FBINGIFAL BAFTERS. 

184. — In estimating the strength of principal rafters, we may suppose them to 
be supported by struts, either at or very near all the points where the purlins rest 
upon. The pressure on a principal rafter is in the direction of its length, and is 
in proportion to the magnitude of the roof; but the effect of this pressure does not 

• 

* Encyclopaedia Britannica, art. Carpentry; Supplement, p. 646. 
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bear the same proportion to the weight when there is a king post, as when there 
are queen posts ; therefore the same constant number will not answer for both 
cases.* 

Case 1. To find the scantling of the principal rafter when there is a king post 
in the middle. 

Etjle. Multiply the square of the length of the rafter in feet, by the span in 
feet ; and divide the product by the cube of the thickness in inches. For fir, 
multiply the quotient by 0*096, which wiU give the depth in inches. 

185. — Oaae 2. To find the scantling of a principal rafter when there are two 
queen posts. 

BuLE. Multiply the square of the length of the rafter in feet, by the span in 
feet ; and divide the product by the cube of the thickness in inches. For fir, 
multiply the quotient by 0*156, which will give the depth in inches. 

The thickness is generally the same as the king or queen posts, and tie beam. 

Example. The length of the principal rafter P, in^^r. 50, Plate V., is 14J feet, 

and the span is 40 feet, the thickness of the truss 6 inches. The square of the 

length is 210-25, and the cube of the thickness 216. Therefore, ^^^^^ ""^^ "" ^^^^ 

— 6 inches, nearly; that is, the principal rafters should be 6 inches by 6 
inches. 

186. — In fig. 139, Plate XXI., is shewn what is considered the best of the 
common methods of framing the end of the principal rafter into the tie beam : and 
fi^. 142 shews another method, with a circular abutment, which is considered to 
be much preferable for large roofs : we must refer the reader to the Section on 

* To derive the proportions entirelj from theoretical principles, proceed as follows : The weight on a 
slated roof is per foot superficial — 

Slates 11-2 fcs. 

Bafters, boarding, ceiling, &c 15*0 

Wind and other occasional forces 40-0 

66-2 lbs. per foot. 
Then if r feet be the total rise of the roof in the middle, and % feet the span, the distance between the trusses 

t feet, the area of the rafter h d inches ; then, = half the weight, we have (by art. 40, sect, i.) 

r;i#;;831g^; = lOOObd; (by art. 132,) or very nearly ^ = 6 (?. 

If r be i #, then -^ ^ h d, sad when ^ = 10 feet, i8 = hd. 

ID 

The area thus found is the magnitude of the abutting joints, and it is by for the most simple and scientific 
method of finding the scantlings. 
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Joints (Sect, IX. art. 303) for more particular information on this subject ; and 
also to art. 3IO5 for the best method of strapping. 



STRAINING BEAMS. 

187. — A straining beam is the horizontal piece between the heads of the queen 
posts, and is marked S in the roof, fig. 50, Plate V. 

In order that this beam may be the strongest possible, its depth should be to 
its thickness as 10 is to 7. 

B/ULE. Multiply the square root of the span in feet, by the length of the 
straining beam in feet, and extract the square root of the product. Multiply the 
root by 0*9 for fir, which wiU give the depth in inches. To find the thickness, 
multiply the depth by the decimal 0-7. 

^9 fig* 1^ and 147, Plate XXII: shew joints for the ends of straining beams. 



STEUTS AND BRACES. 

188. — That part of a roof which is supported by a strut or brace is easily ascer- 
tained from the design, but the effect of the load must depend on the position of 
the brace ; when it is square from the back of the rafter, the strain upon it will 
be the least ; and when it has the same inclination as the roof, the same strain will 
be thrown on the lower part of the principal rafter as is borne by the strut. But 
as the degree of obliqueness does not vary much, we shall not attempt to include 
its effect in the rule for the scantling. 

B;ULE. Multiply the square root of the length supported in feet, by the length 
of the brace or strut in feet ; and the square root of the product multiplied by 0*8 
for fir, will give the depth in inches ; and the depth multiplied by the decimal 0-6, 
will give the breadth in inches. 

Example. In the roof, fig. 50, Plate V., the part supported by the brace or strut B 
is equal to half the length of the principal rafter, or 7 feet ; and the length of the 

brace is 6 feet. Therefore (7^ X 6)« X 0.8 = (2-646 X 6)«X 0'8 =3-985x 0-8 

=3-188, the breadth; and 3-188 X 0-6 =1*9128, the depth; or Z\ by 2 nearly. 

If a piece intended for a brace, a principal rafter, or a straining beam, be curved, 
the convex side should be placed upwards. 

189. — ^We have now laid down rules for the principal parts of a truss ; but in so 
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doing we have not taken into the acoount the different weights of different kinds 
of roofing, nor the different degrees of inelination, lest the rules should beoome too 
complicated : indeed many will probably suppose them too much so already ; but 
the numerous tables of scantlings at the end of the volume will be found useful to 
those who are not ready at calculation ; and to others the assistance of a table of 
squares and cubes, or a table of logarithms, will render all the rules extremely 
easy. It only remains now to give the rules for purlins and common rafters. 



PTTBLIKS. 

190. — ^The stress upon purlins is proportional to the distance they are apart ; 
and the weight being uniformly diffused, the stiffness is reciprocally as the cube of 
the length. 

B;TJLE. Multiply the cube of the length of the purlin in feet, by the distance the 
purlins are apart in feet ; and the fourth root of the product for fir will give the 
depth in inches ; or multiplied by 1*04, will give the depth for oak : and the 
depth multiplied by the decimal 0*6 will give the breadth. See Table XIV. at the 
end of the volume. 

Fnrlins should always be notched upon the principal rafters, and should be put 
on in as long lengths as they can be conveniently got, as the strength is nearly 
doubled by this means. The old method of framing the purlins into the principal 
rafters, not only renders the purlins weaker, but also wounds the principal rafter, 
and consequently renders it necessary to make the rafters stronger. 

There is no part of a roof so liable to fail as the purlins ; indeed there are few 
cases where they have not sunk considerably ; and in some instances so much as 
to deform the external appearance of the roof. Weak purlins might be much 
strengthened by bracing them ; a practice which was once very common among 
the builders in this country. 



COMMON BAFTER& 

191. — Common rafters are uniformly loaded, and the breadth need not be more 
than from 2 inches to 2|^ inches.* The depth for Welsh slate may be found by the 
following rule : 

* The strength may be ascertained from the roles for the stiffiiess of beams. Thus, letthe weight on a 
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EuLE. — Divide the length of bearing in feet, by the cube root of the breadth in 
inches ; and the quotient multiplied by 0*72 for fir, or 0*74 for oak, wiU give the 
depth in inches. 

Example. Let the length of bearing of a rafter of Biga fir be 7 feet, and the 

breadth 2 inches. The cube root of 2 is 1'26 nearly; therefore ^ ^ ^^^ 

l*2o 

= 4 inches, the depth required. See Table XV. 

Foreign fir of straight grain makes the best common rafters and purlins, 
because it is not so subject to warp and twist with the heat of roofs in summer as 
oak ; much however depends on the quality of the timber ; oak from old trees 
often stands very well. 



EOOFS SUPPORTED BT STAKDABDS, FOB DOCKS, ETC- 

191 a. — Eoofs are now frequently constructed over docks and slips, in order to 
protect ships from injury by the weather during the time they are building, or 
while they are in dock, or on the slips for repair. They differ from ordinary roofe 
chiefly in magnitude ; and being erected on standards with considerable elevation 
in the centre, they are much exposed to be racked and strained by high winds. 

The materials used for covering have generally been such as could be adopted 
with the least first expense, such as tarred canvas, or tarred paper on boards; but 
in some instances they have been covered with thin copper ; in others slate has 
been used ; and, eventually, it will be found the best economy to employ slate on 
boarding. 

The construction of the framing should be designed as an arch to carry the 
weight without a tendency to change its figure ; with depth of framing, or ties and 

square foot of roof be %d, the length of the rafter L, its breadth 6, and depth i\ then the load is L w, when 
the rafters are one foot apart, and by art. 99, 

•625 « L» « = 6^8, or (l^^)* l = rf. 

Now the load on a square foot or «?, is eomposed of 

The weight of the slates z^ 11-2 fts. 

rafters and boarding = 4*8 

The force of wind, Ac = 40*0 

Hence to = 56-0 fcs. 

Also since for Riga fir '0115 = a, we have 

/ 625 X 0115 X 66\i t '74 L 

( -, )*L=^ = ,..iich is nearly the B«ae„«.e rule. 



§ IV.] E00F8. 113 



braces, sufficient to render the roof capable of resisting the utmost force of 

Rg. 25, Flate lU. shews one of the methods of construction in use.* (See art. 

60 and 61.) 

DESCEIPnON OP KOOFS WHICH HAVE BEEN EXECUTED. 

192. — ^The roofis here selected for description present some interesting speci- 
mens of the art of carpentry, which are well worthy of attention. The author has 
taken them principally from the works of foreigners, and they may perhaps suggest 
some new ideas. The reader is however referred for the fullest information on 
this subject to our Appendix, containing descriptions of several English and foreign 
roofs, both of ancient and modem construction. 



ROOP OP THE BASILICA OP ST. PAUL AT HOME. 

The truss exhibited in Plate X. fig. 66, is one of the trusses of the Basilica of 
St. Paul, at Eome, executed about 400 years ago. There is another kind of truss 
in the same roof which is much older, having been executed in 816, during the 
pontificate of Leo III. ; but the form is not so good as the one here given. These 
trusses are double ; that is, each consists of two similar frames placed 14*9 inches 
apart ; and these double trusses are about 10-5 feet apart. The principal rafters 
abut against a short IHng post k. Between the trusses a piece of timber, S, is 

• The roof under which H. M. ship Britanma, of 100 guns, was built, covers about an acre of ground; 
it is 76 feet high, and is supported wholly by standards. It was designed by Mr. Pering. 

The laigest roof over slips is 100 feet in breadth from standard to standard, and 245 feet in length; the 
projecting eaves extend 25 feet on each side over the standards, and the height from the ground line to the 
ridge of the roof is 64^ feet at the head, and 66| feet at the stem. 

The roof over the west slip of the King's Dock-yard at Deptford is nearly of the following dimensions : — 

Totalwidth 146 feet. 

Breadth between standards 68 

Clear height in the middle 64 -x 

HdghtoftheataBdards 49 [ above ground line. 

Height of eaves 16.^ 

Standards, 2 beams 12 inches square bolted together. 

Framing of trusses 5t inches thick. 

Purlins 6 inches X 4 inches. 

Baiters 5 inches X 2i inches. 

This roof is boarded with i inch boarding for paper covering. 

Q 
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placed, and sustained by a strong key <^ wood passing through it and the short 
king posts } this pieoe sustains the tie beams by means of another strong key at a. 
The tie beams are in two lengths, and scarfed together, as shewn hjfig. 67* The 
scarf is held together by three iron straps. 

Scantlings of the Tmhers. 

indies. inches. 

Tie beams, / 22-6 by 14-9 

Principal rafters, ^ . . . 21*75 by 14*9 
Auxiliary rafters, J... 13-8 by 13-3 
Straining beam, ... 14-9 by 12-8 

Purlins, d 8*5 square, and 6 feet 7 inchesapart. 

Common rafters 6*3 by 4*25, and 8*6 inches apart. 

This roof is executed in fir, and the span is 78*4 feet. The common rafters are 
covered with strong tiles, about 12 inches by 7, forming a kind of pavement set 
with mortar in the joints. On this pavement a kind of plain tiles with ledges are 
laid, and the joints covered with crooked tiles, as is represented hjfig. 68. From 
this description some notion may be formed of the load upon this roof.* 

The roof is simple and strong ; the method of sustaining the middle of the tie 
beam is ingenious ; and the covering, though heavy, is well calculated to preserve 
a uniform temperature within the building in a warm climate ; and a similar 
covering might be often adopted with much advantage in our own variable one, as 
a means of excluding cold. 



KOOP 07 THE THEATRE D'ABOEITTINA, AT BOME. 

193. — ^One of the trusses of the Theatre d' Argentina is represented in Plate X. 
fig. 69. The span is 80*6 feet, and the slope of the roof 24 degrees. The tie beam 
is in three pieces^ scarfed and strapped together ; and the principal rafters are each 
in two pieces, also scarfed and strapped together. The common rafters are from 
10 to 11 inches apart, and are supported by 12 purlins on each side ; these rafters 
support a heavy tile covering. The tie beams are supported by stirrups of iron, in 
a very judicious manner. They differ considerably from any other example, except 

* L'Art de Bitir, tome iv. p. 170. The roof of the Church of Santa Maria Maggiore at Borne is siinilar ; 
the span of which is nearly 56 feet, the tie beams 15 inches by 10}. See Krafift's Carp. Fart Y . p. 6. 
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that of the Theatre de TOd^n, which is a dose imitation of it, to a 77*8 feet span. 
The roof of the Theatre d'Argentiaa is executed in fir, that of the Od^n in 
oak ; both of them hare to sustain the machinery of the theatre, besides the 
ceilings and covering.* 

There appears to be too much strength in some parts of this roof; but the 
design is extremely simple, and well adapted to the purpose. 



BOOF OF A BIDINChHOTJSE AT MOSCOW, IN BU88IA. 

194. — ^The largest roof erer executed was that of the Biding-house, built at 
Moscow, in 1790^ by Paul I., Emperor of Bussia. It is represented hyfig. 70, 
Plate XI. The span was 235 feet, and the slope of the roof about 19 degrees. The 
principal support of this immense truss consisted in an arch or curved rib of 
timber, in three thicknesses, indented together, and strapped and bolted with iron. 
The principal rafters, and the tie beams, were supported by several vertical pieces 
notched to the curved rib ; and the whole stiffened by diagonal braces. The dispo- 
siton of the parts of this roof is extremely ingenious; but it was too slight for the 
immense extent of the span, and it appears that it settled so much that it was 
proposed to add another curved rib in the situation shewn by the dotted lines. 
A reference to art. 23 a will shew the impropriety of adding material so near to the 
neutral line of the framing ; a like want of attention to principle is sometimes 
found in a first design ; a roof designed by Bettancourt for a riding-school, as given 
by Krafft, is an example. 

The external dimensions of the building were 1920 feet by 310 feet ; it was 
lighted from the top by a lantern, and there was a gallery round the inside of the 
building for spectators.! 

• L'Art de B&tir, tome iv. p. 220. 

t EraSli's Becueil de Cbarpente, Part ii. No. 39 ; or Bondelet's L'Art de Batir, tome iy. pL 116. 
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SECTION V. 

OF THE CONSTRUCTION OF DOMES OE CUPOLAS. 

195. — ^A DOME or cupola is a roof, the base of which: is a circle, an ellipsis, or a 
polygon; and its vertical section a curve line, concave towards the interior. 
Hence, domes are caUed circular, elliptical, or polygonal, according to the figure 
of the base. 

The most usual form for a dome is the spherical, in which case its plan is a 
circle, the section a segment of a circle. 

The top of a large dome is often finished with a lantern, which is supported by 
the framing of the dome. 

196. — The interior and exterior forms of a dome are not often alike, and in the 
space between, a staircase to the lantern is generally made. According to the 
space left between the external and internal domes, the framing must be designed. 
Sometimes the framing may be trussed with ties across the opening ; but often 
the interior dome rises so high that ties cannot be inserted : in the latter case, 
the observations made on the equilibrium of domes in Sect. I. (art. 62 — 66,) should 
be attended to. 

Accordingly, the construction of domes may be divided into two cases : viz., 
domes with horizontal ties, and those not having such ties. 



ON THE CONSTEUOTION OP DOMES WHICH ADMIT OF HORIZONTAL TIES. 

197. — ^A truss for a dome where horizontal ties can be inserted is shewn by 
Jiff. 71, Flate XII. In this figure AA is the tie ; BB posts, which may be continued 
to form the lantern ; C, C, are continued curbs in two thicknesses, with the joints 
crossed and bolted together; DD, a curved rib to support the rafters. This 
design is calculated for a span of about 60 feet, and may be extended to 120 feet. 

Two principal trusses may be placed across the opening, parallel to each other, 
and at a distance equal to the diameter of the lantern apart, as AB, CD, Jig. 72 ; 
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with a sufficient number of half-trusses to reduce the bearing of the rafters to a 
convenient length. 

Or, the two principal trusses may cross each other at right angles in the centre 
of the dome, the one being placed so much higher than the other as to prevent 
the ties interfering. This disposition is represented in fig. 73 ; and is the same 
that is adopted for the Pome des Invalids, at Paris, of which the external diameter 
\b nearly 90 English feet. 

As the dimensions of the parts must depend chiefly on the weight of the 
lantern, it is scarce possible to fix upon any, unless some particular design had 
been described, which would not have been satisfactory ; besides being likely to 
mislead, as there are few cases that are similar. The dimensions of the timbers 
may however be easily ascertained to any particular design, from the rules and 
principles laid down in Sec. I. and II. 

ON THE CONSTBTJOnON OF DOMES WITHOUT HORIZONTAL TIES. 

198. — The construction of domes without horizontal cross ties is not difficult, 
when there is a sufficient tie round the base. The most simple method, and one 
which is particularly useful in small domes, is to place a series of curved ribs so 
that the lower ends of those ribs stand upon the curb at the base, and the upper 
ends meet at the top, with diagonal struts between the ribs. 

When the pieces are so long, and so much curved that they cannot be cut out 
of timber without being cut across the grain so much as to weaken them, they 
should be put together in thicknesses, with the joints crossed, and well nailed 
together : or, in very large domes, they should be bolted or keyed together. The 
manner of forming these ribs has been already described, as applied to roofs. (See 
Sec. IV. art. 171.) This method of making curved ribs in thicknesses has been 
used in the construction of centres for arches from the earliest period of arch 
building ; and it was first applied to the construction of domes by Philibert de 
Lorme,* who gives the following scantlings for diflerent-sized domes : 

For domes of 24 feet diameter 8 inches by 1 inch. 

36 10 li 

60 13 2 

90 13 2\ 

108 13 3 

These ribs are formed of two thicknesses, of the scantling given above, and are 
placed about two feet apart at the base. The rafters are notched upon them for 

* See bis Nouvelles InveDtions pour bien B&tir k petits Frais. 1561. 
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reoeiving the boarding, and also horizontal ribs are notched on the inside, which 
gives a great degree of stiffness to the whole.* Mg. 74 is a section of a dome 
constructed in this manner ; and fig. 76 a projection of a part of the dome, with 
the rafters and inside ribs. 

If the dome be of considerable magitude, the curre of equilibrium should pass 
through the middle of the depth of the ribs, particularly if a heavy lantern rests 
upon them. The curve in either case will be found by means of art. 64 or 65, 
Sect. I. Otherwise the curve must fall within the curve of equilibrium, and 
struts must be placed between the ribs, to prevent them bending in. Or, if it be 
necessary for the external appearance of the dome, that the curvature of the ribs 
should be without the curve of equilibrum, then an iron hoop may be put round 
about one-third of the height to prevent the dome bursting outwards. This latter 
method was adopted in the external dome of the Church de la Salute at Venice, 
the outside dimensions of which are 80 feet diameter, 40*5 feet high, and the 
lantern 39*5 feet high ; but the lantern is supported by a brick dome, which is 
considerably below the wooden one. The ribs of this dome are 96 in number, and 
each rib is in four thicknesses ; the four together make 6*6 inches; so that each 
rib is 8*5 ruches by 5*5 inches. The iron hoop is 4*5 inches wide, and half an 
inch in thickness, and is placed at one-third of the height of the dome. 

199. — ^When a dome is intended to support a heavy lantern, it may require 
the priucipal ribs to be stronger than can be obtained out of a piece of timber ; 
but the framing may always be made sufficiently strong by using two ribs, with 
braces between, and tied together by radial pieces across from rib to rib. A truss 
of this form is shewn y>jfig. 76, which would sustain a very heavy lantern, if the 
curve of equilibrium were to pass in the middle between the ribs, as the dotted 
line does in the figure. The proper form for the curve will be found by the equa- 
tions in art. 65, Sect. I. 

200. — ^Where a light dome is wanted, without occupying much space, the ribs 
may be placed so near to each other, that the boards may be fixed to them without 
rafters, or short struts may be put between the ribs, as shewn hjfig. 77. 

In a splendid collection of specimens of carpentry, published by M. Krafft, 
there are methods of finding the position of the principal timbers in domes and 
roofs shewn, which were proposed by M. Stierme, a carpenter of Wurtemberg.f 
Krafft's work contains no explanation of these methods, and they appear to be 
destitute of any thing like sound principle, particularly as applied to domes, and 
are only noticed as a caution to the young student. 

* Mr. Price proposes a siinilar mode of forming bridges and domes in his British Carpenter, pp. 26, 28. 
t Eecueil de Charpente, par M. Kraffb, deuxieme partie, planche 70 et 84. 
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SECTION VL 

ON THE CONSTRUCTION OF PARTITIONS. 

201. — Partitions, in carpentry, are frames of timber for dividing the internal 
parts of a house into rooms : they are usually lathed and plastered, and sometimes 
the spaces between the timbers are filled with brick-work. 

In modem carpentry there is no part of a building so much neglected as the 
partitions. A square of partitioning is of considerable weight, seldom less than 
half a ton, and often much more ; therefore a partition should have an adequate 
support : instead of which it is often suflTered to rest on the floor, which of course 
settles under a weight it was never intended to bear, and the partition breaks 
from the ceiling above. 

If it be necessary to support a partition by means of the floors or roof, it should 
rather be strapped to the floor or roof above it, than be suffered to bear upon the 
floor below ; because in that case the cracks along the cornice would be avoided ; 
and in such cases the timbers of the floor or roof must be made stronger. A 
partition ought, however, to be capable of supporting its own weight ; for even 
when doorways are so placed that a truss cannot be got the whole depth, it is 
almost always possible to truss over the heads of the doors. 

202. — Partitions that have a solid bearing throughout their length do not 
require any braces ; indeed they are better without them, as it is easy to stiffen 
them by means of struts between the uprights, and thus the shrinking and cross 
strains occasioned by braces are avoided. Wlien braces are introduced in a par- 
tition, they should be disposed so as to throw the weight upon points which are 
sufficiently supported below, otherwise they do more harm than good. 

But though it be often practicable to give a partition a solid bearing throughout, 
it is better not to do so, because aU walls settle ; therefore the partition should 
always be supported only by the walls it is connected with, in order that it may 
settle with them. If the partition have a solid bearing, and the walls settle, 
fractures must necessarily take place. 

Also, when a partition is supported at one end by the wall of a high part of the 
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buUding, and by the wall of a lower part at the other end, it will always crack, 
either close by the walls, or diagonally across. 

In a trussed partition the truss should have good supports, either at the ends 
or other convenient places, and the framing should be designed accordingly ; that 
is, so that the weight may not act on any other points than those originally 
intended to bear it. The best points of support are the walls to which the plaster- 
ing of the partition joins. 

203. — Partitions are made of different thicknesses, according to the extent of 
bearing ; for common purposes, where the bearing does not exceed 20 feet, 4 
inches is sufficient ; or generally the principal timbers may be made 

4 inches by 3 inches for a bearing not exceeding 26 feet. 

5 3i 30 

6 4 40 

And partitions should be filled in with as thin stuff as possible, provided it be 
sufficient to nail the laths to. Two inches is quite a sufficient thickness. When 
these filling-in pieces are in long lengths, that is, when they exceed 3 or 4 feet, 
they should be stiffened by short struts between them ; or, which is much better, 
we may notch a continued rail across the uprights, nailing it to each. 

It should be borne in mind, that in all cases useless timber is only an unne- 
cessary load upon the framing, and increases the risk of failure at a considerable 
expense. 

The thicknesses above mentioned apply only to partitions that have no other 
than their own weight to bear. When a floor is to be supported by a partition, it 
must be prepared for that purpose. It would, however, be impossible to give any 
rules for such partitions, as the design must be varied according to circumstances, 
which differ so materially in almost every case as to render particular rules useless. 

203 a. — ^When partitions of considerable strength are required, another simple 
method of constructing them may be employed with advantage, particularly where 
it is desirable to prevent the passage of sound. 

Let the truss be formed of such strong timbers as may be necessary, nearly as 
in the usual method : but, instead of filling in the pieces for nailing the laths to 
between the timbers, let them be nailed, in the manner of battens, upon each side 
of the truss. A partition done in this manner occupies a little more space ; but to 
compensate for this, it has the advantage of strength and lightness, besides pre- 
venting the passage of sound better than the common mode of construction. 

204.— The pressure in the direction of any of the pieces may be found by 
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applying the principles given in Sect. I. ; and the scantlings of the timbers that 
would be sufficient to sustain such pressures, may be found by the rules for the 
stiffness of materials in Sect. II. The following data will assist in forming an 
estimate of the pressure on the framing of partitions : 

The weight of a square of partitioning! from 1480 pounds to 2000 pounds per 
may be taken at J square. 

The weight of a square ofsingle-joistedl^ 
flooring, without counter-flooring... J 

The weight of a square of framed floor- 
ing, with counter-flooring 



} 



1260 2000 



2600 4000 



As great nicety is not required in calculating the scantlings, the highest num- 
bers may be taken for long bearings, and the lowest for short ones ; as the one 
gives the weight in large mansions, the other that in ordinary houses. 

The shrinkage of timbers, and still more often imperfect joints, cause con- 
siderable settlements to take place in partitions, and consequently cracks in the 
plastering ; therefore it is essential that the timber should be well seasoned, and 
also that the work should be well framed, as a slight degree of settlement in a 
partition is attended with worse consequences than those produced by a like degree 
of settlement in any other piece of framing. 

205. — Mff. 78 shews a design for a trussed partition with a doorway in the 
middle ; the tie or sill is intended to pass between the joisting under the flooring 
boards. The strongest positions for the inclined pieces of the truss is shewn by 
the figure, as the truss would have been much weaker with the same quantity of 
materials, if they had been placed in the position shewn by the dotted lines. The 
inclination of the trussing-pieces should never greatly differ &om an angle of 40 
degrees with the horizon. The horizontal pieces, a a, are intended to be notched 
into the uprights, and nailed : in partitions for principal rooms, one on each side 
might be used. 

206. — ^When a doorway is near to the side of a room, which is often necessary, 
in order to render the room either convenient or comfortable, the partition should 
be trussed over the top of the door, as shewn in^^. 79. The posts. A, B, should 
be strapped to the truss, and braces may be put in the lower part of the truss in 
the common way ; but it would be better to halve these braces into the uprights, 
which would bind the whole together. 

In order to save straps, the posts A, B, are often halved into the tie CD ; in 
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that case, the tie should be a little deeper ; and as the tie may be always made 
strong enough to admit of halving, perhaps this is the best method. 

Partitions should always be put up some time before they are plastered ; in 
order that the timbers may be put right again, in ease they should cast. This 
precaution is not so necessary where timber has been a considerable time cut to 
the proper scantlings, or well seasoned* 

The arrises of all timbers exceeding 3 inches should be taken off, to aUow room 
for a sufficient key for the plaster : that is, if A be the section of a post or brace, 
to be lathed at a and ft, it must be bevelled so as to reduce the faces at a and b to 
less than three inches. 




The distance of the filling-in timbers must be adapted to the usual lengths of 
the laths ; they are commonly in 4 feet lengths, and then require the timbers to 
be one foot from middle to middle. 
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SECTION VII. 



OP THE CONSTRUCTION OF CENTRES FOR BRIDGES. 



207.-^A CENTRE is a timber frame, or set of frames, for supporting the arch- 
stones of a bridge during the construction of the arch. 

The qualities of a good centre consists in its being a sufficient support for the 
weight or pressure of the arch^-stones, without any sensible diange of form 
throughout the whole progress of the work, from the springing of the arch to the 
filing of the key*stone. It should be capable of being easily and safely remored, 
and designed so that it may be erected at a comparatively small expense. 

In navigable rivers, where a certain space must be left for the passage of 
vesseils, and in deep and rapid rivers, where it is difficult to establish intermediate 
supports, and where much is to be apprehended from sudden floods, the frames 
should span the whole width of the archway, or be framed so as to leave a con- 
siderable portion of the archway unoccupied. In such cases a considerable degree 
of art is required to make the centre an effectual suj^rt for the arch-stones, par- 
ticularly when the arch is large. 

But in narrow rivers, and in those where the above-mentioned inconveniences 
do not ioterfeie with the work, the framing may be ccmstructed upon horizontal 
tie beams, supported in several places by piles, or frames fixed in the bed of the 
river ; and the construction is comparatively easy. 

In large arches, when the arch-stones are laid to a considerable height, they 
often force the centre out of form, by causing it to rise at the crown ; and it is 
Bometinies neoessary to load the centre at the crown to prevent sueh rising ; but 
this is a very imperfect remedy. Notwithstanding the subject has been considered 
by several very eminent men, their works are not much calculated to instruct the 
carpenter how to avoid this difficulty : indeed their object seems to have been 
exclusively to calculate the strength of a centre already designed, instead of shew- 
ing the principles on which it ought to be contrived ; and even in calculating the 

R 2 
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strength they are very imperfect guides, because they have not attempted to find 
what forces would derange a centre, but only the force that might be supported 
without fracture.* 

Mr. Smeaton, in his designs for centres, always contrived his scantlings to 
suit the general scantlings of timber, with the view of saving labour, and of 
leaving the timber in as useful a state as possible when it was done with.f This 
practice is a good one, and ought to be imitated, as a centre or a scaffold is not 
like a permanent work. Nevertheless, some knowledge of the principle of disposing 
the parts is necessary, and also of estimating the degree of stiffness that will be 
actually required in a centre ; otherwise more timber may be wasted than if it had 
been cut to the proper scantling at the first, as all timber that has been used in a 
centre is more or less injured. 

208. — Centres are composed of several separate vertical frames or trusses, 
connected together by horizontal ties, and stiffened by braces. When the frames 
have to span the whole width of the archway, the offsets of the stonework afford a 
most substantial abutment for the support of the centre. The frames or trusses 
of centres are generally placed from 4 to 6 feet apart, according to their strength, 
and the pressure they have to support. In general, there is one frame under each 
of the external rings of arch-stones, and the space between is equally divided by 
the intermediate frames. 

A bridge of three arches will require two centres, one of five arches requires 
three centres, &c. 



PRESSURE OF ARCH-STONES UPON CENTRES. 

209. — Before proceeding to investigate the disposition and stiffness of centres, 
the point must be determined at which the arch-stones first begin to press upon 
the centre ; and also the pressure upon it at different periods of the formation of 
the arch. 

It has been found by experiment, that a stone placed upon an inclined plane 
does not begin to slide till that plane has an inclination of about 30 degrees from 
the horizontal plane ; X and till a stone would slide upon its joint, or bed, it is 
obvious that it would not press upon the centre. Also, when a hard stone is laid 

* See Pitot on Centres, Mem. de TAcacL 1726; Couplet on ditto, Mem. de TAcad. 1729; Frezier*8 
Coupe defi Fierres, tome lii. p. 408, ** Bridges." 4 vols, large 8vo. London. 

t Reports, yoL iii. p. 236. % Bondelet, L*Art de B&tir, tome iv. p. 278. 
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with a bed of mortar it will not slide till the angle becomes from 84 to 86 degrees. 
A soft stone bedded in mortar will stand when the angle which the joint makes 
with the horizon is dS degrees, if it absorb water quickly ; because in that case the 
mortar becomes partially set.* Similar results have been obtained by other expe- 
rimentalists ; therefore we may consider the pressure in general to commence at 
the joint which makes an angle of about 82 degrees with the horizon. 

This angle is called the angle of repose, and if we suppose the pressure to be 
represented by the radius, the tangent of this angle will represent the friction ; 
hence, considering the pressure as unity, the friction wUl be 0*626. Feronet esti- 
mates the friction at 0*8 ; f but it is erring on the safe side to take the lower result. 

210. — The next course above the angle of repose will press upon the centre, 
but only in a small degree ; and the pressure will increase with each succeeding 
course. The relation between the weight of an arch-stone, and its pressure upon 
the centre, in a direction perpendicular to the curve of the centre, may be deter- 
mined from the following equation : W (sin. a — /cos. a) = P. 

Where W is the weight of the arch stone, P = the pressure upon the centre, 
/ = the friction, and a = the angle which the plane of the lower joint of the arch- 
stone makes with the horizon. 

211.— When the angle which the joint makes | 04 dAffreea P = -04 W 
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But when the plane of the joint becomes so much inclined that a vertical line 

• Bondelet, L'Art de B&tir, tome iv. p. 273. 

t Memoir sur le Cintrement et le Decintrement des Fonts, in the Memoirs of the Academy of Sciences at 
Paris for 1773. 
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passing through the centre of gravity of the arch-stone does not fall within the 
lower bed of the stone, the whole weight of the arch-stone may be considered as 
resting upon the centre, without material error. We have thus an easy method 
of estimating the weight upon a centre, at any period of the construction, or when 
any portion of the arch-stones is laid, as well as when the whole weight it has to 
sustain is upon it. 

212. — ^As an example, let it be required to determine the pressure of the arch- 
stones upon 20 degrees of the centre, counting from the joint which makes an 
angle of 32 degrees with the horizon. 

BuLE. Take out of the preceding table the decimal opposite every second 
degree for the first 20 degrees ; that is, from 82 to 62 degrees, and add them 
together. Multiply the sum thus found by the weight of a portion of the aich- 
stones comprehended between 2 degrees ; the product will be equal to the pressure 
of 20 degrees of the arch upon the centre. 

Suppose the frames of the centre to be 6 feet from middle to middle, and the 
depth of the arch-stones to be 4 feet ; also, that the space comprehended between 
2 degrees of the arch measured at the middle of the depth of the stone is 1*5 feet 
The solid content will be found to be 30 cubic feet ; and if the weight of a cubic 
foot of the stone be 160 pounds, the weight of two degrees will be SO X 150 = 
4600 pounds. 

Then adding together the decimals for 20 degrees, that is, from 32 degrees to 
62, the sum is 2*26. This sum multiplied by the weight of 2 degrees, or 4600 
pounds, gives 10,170 pounds for the pressure of 20 degrees upon one frame of the 
centre. 

213. — ^It is evident from an inspection of the table, that the pressure increases 
very slowly till the joint begins to make a considerable angle with the horizon; 
and it is of importance to bear this in mind in designing centres, because the 
strength should be directed to the parts where the strain is greatest. For instance, 
at the point where the joint makes an angle of 44 degrees with the horizon, the 
arch-stone only exerts a pressure of one-fourth of its weight upon the centre ; 
where the angle of the joint is 68 degrees, the pressure exceeds half the weight ; 
but near to the crown the stones rest wholly upon the centre. Now it would be 
absurd to make the centre equally strong at each of these points ; besides by such 
a method there would not be the means of applying the strength where it is really 
required, without interfering with ties and braces, which are only an incumbrance 
to the framing. 

When the depth of the arch-stone is nearly double its thickness, the whole of 
its weight may be considered to rest upon the centre at the joint which makes an 
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angle of about 60 degrees with the horizon. If the length be less than twice the 
thickness^ it may be considered to rest wholly upon the centre when the angle is 
below 60 degrees ; and if the length exceed twice the thickness, the angle will be 
considerably above 60 degrees before the whole weight will press upon the centre. 
214. — But though the error introduced, by considering all the arch-stones above 
the joint that makes an angle of 60 degrees with the horizon, as pressing wholly 
on the centre, is not a very considerable one, it may be desirable to use a method 
which approaches nearer to the truth when the arch is circular. However inclined 
a joint may be, a certain portion of the force of the arch- stone will be lost in 
friction, except when the joints become sensibly vertical. And, in any case, the 
pressure perpendicular to the curve of the centre will be expressed by the equation 
W (sin. a — /cos- a) = perpen. pressure = P. But it will be more convenient to 
measure the angle a from the vertical line passing through the crown : then W 
(cos. a — f sin. a) = P. 

If the angle included between tbe joints of one arch-stone be denoted by a, and 
the stones be alike in weight, and in the portion of the arch they occupy ; then 
the pressure of any number n of arch-stones upon the centre will be expressed by 

(n n+l n »+l^ 

COS. — a X sin. a —/sin.— a x sin. a- ^ -. 

2 2 2 2 I * s=*= pressure =» P. 

^ sin. i a 

The magnitude of the arc a being ascertained, the sines and cosines to a radius 

of unity may be taken from a table of natural sines. But the calculation will be 

« -h 1 

more simple under thefoUowing form -^^^^^^^ZUlx (oob.\ n a-fwi.\ n a.) (A). 

sin. i a 

The computation becomes easier by using a table of logarithms. 

When the arch-stones are small, the pressure upon the centre is greater than 
when they are large ; and as an arch-stone will seldom be smaller than would 
extend one degree of the arch, the pressure in that case may be assumed as suffi- 
ciently accurate : the error being always in excess till the arch-stones are less 
than one degree each. Now the number of degrees between the middle or crown 
and the angle of repose is 68 ; therefore, by equation (A) the whole pressure upon 
the semi-centre may be determined. The calculation by logarithms may be made 
as follows. The equation, in this case, is more conveniently arranged as follows : 

* This expression is equal to W (sum of cosines of n a — / X sum of sines of n a), and the sum of the 
sines and cosines aie found by equations 27 and 29, p. 69, of Dr. Button's Course of Mathematics, yoL iii. 



128 



CENTRES FOB BRIDGES. 



[sect. Yll. 
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sin. i a X rad. 
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sin. i a X lad. 



Here if a == 1 degree, n = 58, and (art. 209) / = 0-626, we have 

Log./=log. -626 = — 1-795880 



Log. COS. — a = log. COS. 29^ 



z=. 9*941819 



Log. sin. 



»+ 1 



a = log. sin. 29"" 30' = 9692339 

19*634158 



Log. sin. i a = log. sin. 0° 80' = 7*940842 

Rad 10*000000 



17-940842 



Log. 49*36 1*693316 



n 



Log. sin. — = log. sin. 29° = 9*685571 



Log. sin. 
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a == log. sin. 29° SO' =: 9*692339 

19-178790 



Log. sin. i a = log. sin. 0° 30' 7*940842 

Bad 10*000000 



17-940842 



Log. 17*1 1*232948 



And 49-36 — 171 = 32-26 ; consequently, 32-26 W is equal to the pressure of 
the semi-arch upon the centre, where W is the weight of a part of the ring of arch- 
stones each measuring one degree. 



ON DESIGNING CENTRES. 

215. — In designing frames for centres there are two things which require 
particular attention. The centre should he sufficiently strong to support any part, 
or the whole of the pressure ; and it should be capable of supporting any part 
without a sensible change of form To accomplish the first ,^object, the strains 
must not act very obliquely upon the supporting pieces } and the magnitude of 
the parts must be proportional to the strain upon them. The second object will 
be obtained by disposing the parts so that the stress may prevent any part rising, 
instead of causing it to rise, as is too commonly the case in centres. 

216. — Centring for arches of small span is easily managed ; and when it is 
possible to obtain intermediate supports at a comparatively small expense, even 
large centres are not difficult. The centring of Conon Bridge, of which the span is 
66 feet, and rise 21*8 feet, is a good example of this kind of construction : it was 
designed by Mr. Telford.* See fig. 81. 



* Edinburgh '* Encyclopsedia," art. Bridge. 
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The justly celebrated Smeaton designed the centre, fig. 80, Plate XIII. for 
Coldstream Bridge ; and as an illustration we cannot offer the reader anything 
better than his own description which accompanied the design. He. says, '' What 
I had therefore in view was to distribute the supporters equally under the burden, 
preserving at the same time such a geometrical connection throughout the whole, 
that if any one pUe, or row of piles, should settle, the incumbent weight would be 
supported by the rest.*' 

" With respect to the scantlings," he adds, ** I did not so much contrive how 
to do with the least quantity of timber, as how to cut it with the least waste ; for, 
as I took it for granted the centre would be constructed of East Country fir, I 
have set down the scantlings, suph as they usually are, in whole balks, or cut in 
two lengthways."* The bridge was of stone ; 25 feet wide from outside to 
outside; the centring consisted of five frames, or ribs, framed in the manner 
represented in^^. 80. The span of the centre arch was 60 feet 8 inches, and the 
dimensions of the principal timbers are figured upon the design. 

217. — But where intermediate supports cannot be obtained, centres require to 
be constructed with more care ; more attention is also necessary in forming the 
design. It is obvious that laying a load upon the haunches must have a tendency 
to raise the centre at the crown, unless the frame be so contrived that it cannot 
rise there under the effect of any force that it may have to sustain at the haunches. 
This principle has not been properly understood by some engineers, and some of 
these centres have in consequence undergone a change of form with every course 
of stones that was laid upon them. We caimot perhaps shew better the importance 
of the principle of preventing any change of form by the disposition of the framing, 
than by pointing out the defects of the centre designed by Ferronet for the Bridge 
of Neuilly, and comparing it with some others that have been employed. Fig. 
82, PUUe XIV. represent^ the centre of the Bridge at Neuilly. It is obvious that 
such a centre loaded at A and B, must rise at C ; and the timbers being nearly 
parallel, the strains produced by a weight resting on any point must have been 
prodigious ; consequently, the yielding at the joints was very considerable. It is a 
kind of framing well enough adapted to support an equilibrated load, distributed 
over its whole length : but is one of the worst that can be adopted for a centre, or 
for supporting any variable load. It must have consumed an immense quantity of 
timber, without possessing the advantage of connection. The quantity is crowded 
into so small a space that it has a light appearance, and consequently has obtained 
the approbation of those who are incapable of penetrating further than the ap- 
parent surface of the things they pretend to examine. The centres for the bridges 

* Smeaton's Beportn, yoL iii. p. 286, plate 10. 
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of Nogent, Cravant, St. Maxetice, and Nemours, were designed on similar prin- 
ciples, and were found to be equally defective. 

218. — Fig. 83, Flate XIV. represents the centre of the Waterloo Bridge,* 
designed by the late Mr. Rennie. In this centre, by a better disposition of its tim- 
bers, a load at A could not cause the centre to rise at C, without reducing the 
length of the beam DE, and the one opposite to it. There is an excess of strength 
in some of its parts, and it is complicated in the extreme ; but, on the whole, it is 
a very judicious combination. The centre of Blackfriars Bridge appears to have 
been taken as the ground-work ; and there are some improvements, both in form 
and construction, which do much credit to the able engineer who made them. 

219. — ^Let the line ACA', fig. 84, Flate XV. represent the curve of an arch ; 
and let us suppose the arch-stones to begin to press upon the centre at B, B', 
where the joints make an angle of 32 degrees with the horizontal plane ; and that 
the laying of the arch-stones proceeds alike on each side. Now if two trussed 
frames, EDH, E'D'H, abut against each other at C, the point C cannot rise in a 
sensible degree from the pressures at D, D', and much additional security may be 
obtained by adding the piece FE', with the pieces EI, E'l'. 

The framing of this centre commences on each side, nearly at the point where 
the arch stones first begin to press on the centre ; the curved rib must be strong 
enough to bear the parts between BD and DC, but the bearings may be shortened 
by making the abutting blocks at D, D' longer. The beams EO, E'O will act as 
ties till the arch-stones are laid beyond the points D, D' ; they will then begin to 
act as struts, and will continue to act as struts after that, till the whole is laid. 

This disposition cannot be employed where the span is large, because it then 
requires very long pieces of timber ; and the points of support for the curved rib 
become too far apart to be supported by timbers of the usual dimensions. 

220.— Let the built beams EE, EF, and FE', fig. 85, Plate XV. be each 
trussed, and abut against each other at E and Y ; then it is obvious, that when the 
loads press equally at D, D', they will have no tendency to raise the beam FF' in 
the middle, unless it be not sufficiently strong to resist the pressure in the direc- 
tion of its length ; and, as it is easy to give it any degree of strength that may be 
required, a centre of this form may, with a little variation in the trusses, he 
applied with advantage to any span which will admit of a stone bridge. When 
timber is not to be had of sufficient length, the beams EF, F F', and F'E', may he 
built in the manner directed for bttUding beams. See Sect. IX. 
In the new London Bridge the arches are of very considerable span, the centre 

* From the Supplement to the EncjclopsBdiA Britamiica, art. Bridge^ plate zlir. 
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one being 160 feet, with a rise of only 29*5 feet ; but by supporting the centre 
. from the bed of the river, the skill required to span a large opening was avoided. 
The ribs consisted of trussed frames, and were supported by well-driven piles, so 
as to leave the central part of the arch open for the navigation. Hence the design 
is a combination of the two methods described in art. 216 and 217 ; and the con- 
struction to effect this purpose is simple and judicious ; we however prefer the 
mode of supporting frt)m the piers in such a case. 

The examples and remarks already given will furnish the reader with a dear 
notion of the kind of arrangement which is proper for a centre : it would be an 
easy matter to multiply examples, but having said enough to shew the nature of 
the principle, we must leave him to design for himself, and proceed to make some 
remarks on the construction. 



OK THE COK8TBU0TIOK OP CENTRES. 

221. — The principal beams of a centre should always abut end to end when it 
is possible. It is a very good method, where timbers meet at an angle, to let 
them abut into a socket of cast iron, as has been done in the centre of Waterloo 
Bridge. See fig. 83, Plate XIV. The timbers should intersect one another as 
little as possible, as every joining causes some degree of settlement, and halving 
Hie timbers together always destroys nearly half their strength. The pieces which 
tend towards the centre, and which perform a similar office to the king post of a 
roof, should be notched upon the framing ; and they should be in pairs, that is, 
one on each side of the frame, and well bolted together. Most of the braces may 
also be applied in the same maimer with much advantage. The braces marked 
a a, in^. 85, are supposed to be done in this way. 

Ties should be continued across the frames in different parts, particularly at 
any point where many timbers meet ; and diagonal braces across the frames are 
also necessary, to secure them from lateral motion. 

A sound and firm centre is a most desirable thing in the construction of an 
«jrcb» as the motion of a weak one destroys the cohesion of the cementing materials. 
Sometimes centres have completely failed. In erecting a large arch over the river 
Derwent, on the line of the Glossop and Sheffield road, as the workmen were pro- 
oeeding to lay the key-stones the centre gave way, and fell with a tremendous 
oraah into the xvf&x. Sev^al lives were lost.* 



* MpnuDg Cl^x>nicle of AuguBt 27, 1819. 

s2 
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ON REMOVING CENTRES. 

222. — ^The frames or principal supports of a centre should be placed upon 
double wedges, or sometimes they may be placed upon blocks with wedge-formed 
steps cut in them ; and when the centre is to be eased, the wedges, or wedge- 
formed pieces, are driven back so far as to suffer the centre to descend regularly. 
This operation should be very leisurely performed ; in order that the arch, in 
taking its proper bearing, may not acquire any sensible degree of velocity ; as it 
would be a dangerous experiment to let it settle too rapidly. 

The centre, as Alberti has directed,* should always be eased a little, as soon as 
the arch is completed, in order that the arch-stones may take their proper bear- 
ings before the mortar becomes hard. If the mortar be suffered to dry before the 
centre be lowered , the arch will break at the joints in settling, and the connection 
of the arch will be destroyed. 

In small centres the wedges are driven back with mauls, men being stationed 
at each pair of wedges for that purpose. But in larger works a beam is mounted, 
as a battering ram, to drive the wedge-formed blocks back. Before driving back 
the wedges, it is a good precaution to mark them, so that it may be easy to ascer- 
tain when they are regularly driven. 

It is a great advantage in striking centres to be able to suffer them to rest at 
any part of the operation ; and in this, as well as in some other respects, the 
methods of lowering and easing centres practised in Britain are greatly superior 
to those adopted by the French engineers. The French method consists in 
destroying, by little and little, the ends of the principal supports ; a work of diffi- 
culty as well as of danger, and which cannot be done with so much regularity as 
by wedges. 

The centres of Blackfriars Bridge and the Waterloo Bridge were placed upon 
blocks, with wedge-formed steps cut in them, as is shewn in fig. 83, Plate XIV. 
Another method consists in forming the steps on beams that reach across the 
whole width of the bridge, passing between the feet of the trussed frames, and the 
posts that support them. In fig. 84, Plate XY. the centres are supposed to be 
done in this manner. The frames being thus placed upon continued wedges, the 
centre may be struck without its being necessary to have workmen beneath : it is 
therefore less dangerous, and can be done with a less number of men. In oonse- 
-quence of nine men having been killed in removing the centre of a military work^ 
Mr. Bichard Williams proposed a similar method to the above, which was used at 
Chatham, in 18079 with success, f 

* Book ill. chap. xiv. f TraasactionB of the Society of Arts, vol. xzziu. p. 128. 
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222 a. — In the erection of the Chester Bridge finished in 1832, an entirely different 
principle was adopted in the construction and the mode of relieving the centre. 
This arch is the segment of a circle of 140 feet radius ; the span is 200 feet, and 
the rise 42 feet. The centre consisted of six ribs in width, and the span of the 
arch was divided into four spaces, by means of three nearly equidistant piers of 
stone built in the river, from which timbers spread like a &n towards the soffit, 
so as to take their load endwise. The lower extremity of these radiating beams 
rested on cast-iron shoe-plates on the tops of the piers, and their upper ends were 
bound together by two thicknesses of 4-inch planking, bending round as nearly as 
they could be made in the true curve of the arch. On the rim thus formed, the 
lodging or covering, which was 4^ inches thick, was supported over each rib by a 
pair of folding wedges 15 or 16 inches long by 10 or 12 inches in breadth, and 
tapering about 1^ inch : for every course of arch-stones in the bridge, therefore, 
there were six pairs of striking- wedges. The horizontal timber in the centre was 
only 13 inches deep, and the six ribs were tied together transversely near the top, 
by bolts of inch iron which passed through. 

This centre thus differs essentially from any other hitherto employed ; each rib, 
instead of forming one connected piece of frame-work, consists here of four inde- 
pendent parts, and little or no transverse strain has to be resisted. Moreover, as 
the wedges are in this construction borne by the centre, instead of the centre being 
borne by them, it is obvious that the bearings may thus be gradually relieved or 
tightened at one place and slackened at another, according to the symptoms shewn 
by the arch, as its support is removed, and the stone-work comes to its bearing. 
(For further information relative to this erection, see vol. i. Trans. Inst. Civ. Eng. 
p. 207.) 



OK COMPUTIKa THE 8TBEKGTH OF CENTBES. 

223. — It fortunately happens that simple designs are best calculated for 
centres ; for it would be very difficult to form anything like an accurate estimate 
of the strength of a compUcated one. We will here shew some approximate 
methods of fixing upon the proper scantlings for the timbers for the designs which 
have been given ; and add to one of them some examples in numbers, which will 
serve to illustrate the subject. 

In the centre, fig. 84, Plate XV. the stress may be considered, in as far as it 
tends to strain the frame EDH ; also the stress upon the pieces EH, H'E', when 
the whole load is upon them ; and, lastly, the strain upon the posts GE^ G'K'. 
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First, let the pressure of the arch-stones between B and C be calculated, if the 
arch be circular, by art. 214 ; and if it be elliptical, by art. 211. Consider half 
this weight as collected at D, and acting in the direction DF, which will be 
sufficiently accurate for our present purpose. Then, by attending to the rules in 
art. 14 and 17, Sect I., the strains in the directions of each of the beams composing 
the frame EDH will be found ; and the dimensions of the pieces which would 
resist them are to be determined by the rules for the stiffness of beams in Sect. IL» 
or by the rule at the end of this article. 

Secondly, compute the pressure of the arch between D and 0, and considw it 
as acting at G id a vertical direction ; then the strain on the beams EH, H'E', will 
be found by the rules above referred to. 

Lastly, let the whole pressure of the arch-stones between B and 0, together 
with half the weight of the centre itself, be considered as acting at the point E in 
a vertical direction, and find the dimensions of the supports KG, K'G', that would 
resist this pressure. 

But in these calculations it must be observed, that if the length of any of the 
pieces in feet be not greater than 1*26 times the breadth, or least dimension in 
inches, it will cripple at the joint rather than bend. Thus, if a piece be 8 inches 
in breadth, then its length must be 1*25 X 8, or ten feet ; otherwise it will sink 
at the joint rather than bend. 

Therefore, when the length between the points where it is braced is less than 
in this proportion, instead of finding the scantlings by the rules for the stiffness of 
beams, they must be determined by the following rule. 

BuLE. The pressure upon the beam in pounds divided by 1000 gives the area 
of the piece in inches, or that of the least abutting joint, if that joint should not be 
equal to the section of the piece. 

As all long pieces in a centre may be rendered secure against bending by cross 
braces, or radial pieces notched on and bolted to them, this rule may, in nearly all 
cases, be applied for centres^ instead of the rules in Sect. II. 

224 In the centre, ^^r. 86, the beams EF, FF and FFi', constitute the chief 

support ; the arch is an ellipsis, and consequently a considerable part of it will 
bear almost wholly upon the centre. But from what has been shewn respecting 
the pressure of the arch-stones, it will appear that if we take the whole weight of 
the ring between D and C, and consider it to act in the direction HF at the joinr 
ing F, it will be th(9 greatest strain that can possibly occur at that point from the 
weight of the arch-stones. Produce the line.HF to f^ and make A/ to represent 
the pressure. Draw h e parallel to the beam EF. Then, as hf represents the prea^ 
sure, of the arch between D and C^he will represent the pressure in the direction 
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of the beam EE ; and ^/the pressure in the direction of the beam FF' ; and these 
beams must be of such scantlings as would sustain these pressures. 

Let the weight of the arch from H to H' be estimated, and if two-thirds of this 
weight be considered to act at C in a vertical direction, it will be the greatest load 
that is likely to be laid at that point, and the dimensions for the parts of the truss 
FOF must be found so as to sustain that pressure. 

The frame, EDF, may be calculated to resist half the pressure of the arch- 
stones between B and H ; that pressure being found by art. 211. 

The whole weight of the arch-stones from D to C, together with the weight of 
the centre itself, may be considered as acting in a vertical direction at E, and the 
supports at GE should be sujQ&cient to sustain the action of this pressure. 

To determine the scantlings of the ribs which support the weight between H 
and C, or D and H, &c. calculate the weight of that part of the arch which rests 
upon them, and consider it as a weight uniformly diffused over the length. The 
proper scantlings will then be found by the rule in art. 98. These bearings may 
be much shortened by lengthening the blocks against which the inclined beams of 
the truss abut. 



EXAMPLES. 

225. — JEivcmple 1. Let it be required to determine the principal scantlings for 
a centre for a stone arch 50 feet span to the design fig. 84 ; supposing the cubic 
foot of the stone to weigh 130 pounds, the depth of the arch*stones to be 3 feet, 
and the frames 5 feet from middle to middle. 

The arch is described with a radius of 26 feet ; consequently, 27*5 feet is the 
radius of an arc passing through the middle of the depth of the arch-stones : and 
to find the length of this arch for one degree, multiply the length of the arch for 
one degree for a radius of unity, which is -01745329, by 27 5 feet. This gives for 
a product *48. 

And 5 X 3 X "48 = 7*2 feet, the solid cont^t of one degree of the ring of 
arch-stones. But, by art. 214, W X 3226 = 7-2 X 32-26 X 130 pounds =30,195 
pounds, for the pressure of that part of the ring between B and G. Now suppose 
this pressure to act in the direction DE, and in order to render the operation more 
simple, call it 31,000 pounds. Draw df.ia No. 2, Plate XV. parallel to DF ; set 
off d/ equal 31 parts, by any convenient scale ; and draw e h parallel to the beam 
EH ; also draw d e and d h parallel to the principal rafkers of the frame EBC. 
Now when dh\A measured by the same scale as df, it will measure seyenty parts ; 



1 
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and 9^ l)oth the rafters make the same angle with the straining force, the strain 
on each will be 70,000 pounds. Let the abutting joint be equal to the section of 

70000 

the rafter, then = 70 inches, for the area of the- section of each rafter, or 

nearly 8^ inches square. The strain in the direction of the length of the tie-beam 
EH need not be calculated, because when it is sufficiently strong to resist the other 
strains to which it is exposed, its strength to resist tension will always be above 
what is necessary. 

' Our next operation is to calculate the weight or pressure of the arch-stones 
between B and 0. This may be done by common arithmetic, according to the 
method pointed out in art. 214, which will shew the superiority of the logarithmic 
process. The weight of one degree of the ring is the same as before, that is, 
W = 7*2 X 130 = 936 pounds, and the space between B and C is 32 degrees, 
therefore n = 32, Hence cos. ^ n a — /sin. ^ n a=cos. 16^ — /sin. 16^= -96126 

— -27564 X -625 = -788985. And 2 -788985 n= ^^^ ^ '^^ x 

sin. i a 00873 

'788985 = 24022 pounds, the pressure of the part BC upon the centre.* 

By drawing lines parallel to the directions of the straining force and the beams, 
we find the pressure in the direction of the beam EH to be nearly 23,000 pounds : 

23000 

therefore, = 23 inches, the area of the section of the beam ; but it must be 

made a little larger than this, in order to have abutments for the other parts of 
the truss. 

To find the dimensions of the supports required at KG, we have given an 
approximate rule in art. 223 : and calculating according to this rule, 

The pressure on the centre has been found to be 31,000 pounds. 

The weight of half the centre may be stated at 5,000 

Therefore the vertical pressure at K will be • . 36,000 

This force would produce a pressure of nearly 41,000 pounds in the direction 
KG ; hence = 41 inches, the area of the support required at K. 



* The operations of nmltiplication and division are not given at length ; because to have done so in all 
the examples wonld have extended the volume oonsiderablj, without conveying anj more useful infonna- 
tion ; and a competent knowledge of arithmetic is easily acquired from any of the nimierous works on that 
subject. 
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Example 2. To find the strain upon the principal supports of the centre, in^^. 
86, Blate XV. ; the depth of the arch-stones being 6 feet, the frames 6 feet from 
middle to middle, and the stone 130 pounds per cubic foot. The pressure of the 
arch-stones upon the centre, estimated by the methods detailed in art. 212, will be 
about 130,000 pounds ; and measuring the proportions of the forces by the dia- 
gram. No. 3, Ptofe XV., the pressure in the direction of the beam FF' will be 
220|000 pounds, and the pressure in the direction F£ will be 230,000 pounds ; 
consequently, the area of the horizontal beam should be 220 inches, and may 
consist of two beams 10 inches by 11 inches. The area of the inclined beam, £F, 
should be 230 inches, and may consist of two beams, 11 inches by 10^ inches each. 
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SECTION VIII. 

OF WOODEN BRIDGES. 

226. — ^TflE oldest wooden bridge of which we have any account is the Bridge 
of Sublicius, which existed at £;0me in the reign of Ancus Martins, about 600 
years before the Christian era. It owes its celebrity to the combat of Horatius 
Codes, a renowned £;Oman knight who saved the city by a noble defence of this 
bridge ; which it is said was put together without iron or nails. 

227. — ^The next in point of antiquity was that erected by Julius Caesar, for the 
passage of his army across the Rhine. It is described at some length in his Com- 
mentaries i and AJLberti,* Falladio,t Scamozzi, and others, have attempted, from 
the description, to restore the design ; but their representations differ considerably. 
Caesar's army passed over this bridge ten days after they began to carry the timber 
to erect it. 

228. — The bridge built by Trajan over the Danube appears also to have been of 
timber, except the piers, which were of stone ; at least so it is represented in 
basso-relievo upon Trajan*s Column. The roadway of this bridge appears to have 
been supported by three concentric curved ribs of timber, connected by radial 
pieces ; and is certainly a good specimen of the art of building timber bridges at 
that early period. Trajan's Bridge consisted of twenty or twenty-two stone piers, 
with wooden arches; each arch above 100 feet span. J 

229. — In the middle ages, when bridges began to be established on the 
passages over the principal rivers, they were almost always constructed with piers, 
at from 15 to 20 feet apart, consisting of one or more rows of piles. These piers 
were generally defended by a kind of jetta to break the ice, which also protected 
the piers from the shock of bodies borne down by the current ; nevertheless, in 
process of time, and from the frequent repairs that were necessary to protect the 
piers, the water-way generally became almost wholly blocked up ; and, conse- 

• Book iv. chap. vi. t Book iii. chap. vi. 

J Gibbon's Eome, vol. vii. p. 126, note. 8vo. edit. 
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quently, the bridge soon became incapable of sustaining the pressure of water 
which acoumulatcMl in high floods. 

The whole of the construction of these bridges was of that kind where 
abundance of material is made to supply the skill of the artist ; jet there are 
cases where a similar but lighter kind of wooden bridge may be employed with 
much advantage ; that is, in places not subject to floods, or for raising a road 
across a valley ; and, generally, for any situation where the piers can be kept light. 

230. — ^A bridge that was built by Falladio over the Brenta, near Bassano, is a 
good example of this kind of bridge. (See Plate ^Nl.fig. 88.) Also, the Bridge 
of St. Clair, on the Bhone, built by Morand.* In the latter bridge the piers were 
not constructed in the usual manner, but shorter piles were driven, and cut off a 
little below low- water mark. On the heads of these piles horizontal pieces were 
placed, so as to receive the posts to sustain the beams of the roadway, to which 
these horizontal pieces were secured with straps. As that part of the pier which 
is alternately wet and dry is subject to very rapid decay, this method renders it 
easy to repair it without disturbing the lower piles. 

231. — Falladio, in his Treatise on Architecture, f has given several designs for 
bridges, which display a considerable degree of knowledge of the subject ; indeed 
many of the designs of the present time are merely improvements of the principles 
exhibited in his valuable work. Faliadio appears to have been the first among the 
moderns who attempted a species of construction that would render numerous 
piers lumecessary, and so as to avoid exposing any part of the timber- work to the 
shock of bodies carried down by the current. The bridge he erected over the 
torrent of Cismone, near Bassano, was of this kind, and the span 100 Yicentine 
feet, or 108 English feet. (See Flate XVI. Jig. 86.) 

Among the designs for wooden bridges given by Falladio, the most remarkable 
is that exhibited by fig. 87 ; as it appears to have been the first idea of con- 
structing a system of what may be termed framed voussovtb ; similar to the arch- 
stones of a stone bridge ; a principle that has since been adopted with much success 
both in timber and in iron bridges. 

232. — Of the modem methods of construction, the best appears to be that of 
forming curved ribs for the support of the roadway ; and this principle seems to 
have been first applied to bridges by Mr. Frice, in his Treatise on Carpentry. 
Mr. Price's method may be stated as follows : He proposes the curved rib to rise 
about one-sixth of the opening, and to divide it into a convenient number of equal 
parts, according to the span, or to suit the lengths of the timber. For a bridge of 

* Gautbey, tome ii. p. 52. t See Ware's Traoslation, book iii diap. vii. 

t2 
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36 feet span, he proposes to make the ribs of pieces of oak in 5 lengths, and 3 
inches in thickness ; each rib to consist of two thicknesses, one 12 inches deep, 
and the other 9 inches deep ; the joints crossed, and the thicknesses keyed together 
with wooden keys. Two of these ribs with joists framed between, he says, will be 
suflBcient to support the roadway.* 

Since the publication of Price's work, this method of construction has been 
brought to considerable perfection in Germany and other places on the Continent, 
and in America. The following particulars respecting some of the most celebrated 
wooden bridges cannot fail of being interesting to the reader. 

233. — ^The famous wooden arch of 260 feet span, across Portsmouth Biver, in 
North America, is put together with wooden keys similar to those proposed by 
Mr. Price ; indeed it is precisely his method of construction applied to a larger 
span, excepting a little diflference in the form of the keys. The arch was built by 
Mr. Bludget, and is described by Colonel Sir Howard Douglas, Bart., in his work 
on Military Bridges, who brought from America an accurate drawing of this 
ingenious structure. 

" The arch is composed of three concentric arcs, ABC, DEP, GHI, {fig. 89, 
Flate XYI.) of which that in the centre, DEP, and the corresponding arches on 
the other two sets, support the floor of the bridge. The circular beams, ABC, 
DEP, GHI, are connected with each other by pieces of hard wood, a c, a c, and a 
wedge b (fig. 90) at the parts 1, 2, 3, 4, &c. (fig. 89), where corresponding mortises 
are prepared. The wedge secures these triple tenons in their mortises, and connects 
the centre beam, AB, fig. 90 (DEP,^^^. 89), with the other two beams, by the dove- 
tail tenons at the extremities of the keys a c, a c." '^ Each circular beam or arc, 
-^0, fig. 89. is composed of pieces of timber about 12 or 15 feet long, fastened 
together by dovetail keys and wedges. The joining D of every two beams, A, B, 
fig. 91, is in the centre of the opposite beam C, (breaking joint, as it is termed). 
Mortises, wider on the outside than on the inside, are cut in the half-beams or 
pieces. A, B, C, fig. 91 ; so that when they are laid together, the mortises form a 
double dovetail cell, fig. 92, admitting of two pieces of hard wood, c, c, which are 
fastened in by the wedge d.*'t 

Sir H. Douglas observes, that " the arch is extremely flexible,** and very justly 
remarks that ^agonal braces would be an improvement. Also, if the three ribs 
had been placed close above one another, and firmly connected together, the 
bridge would have been much stronger to resist any unequal load ; as they would 
then have formed a solid beam equal in depth to the sum of their depths. But it 

* British Carpenter, p. 26, edit. 1765. 

t Essay on the Principles and Construction of Military Bridges, p. 196 — 197. 



J 



§ VIII.] WOODEN BRIDGES* 141 

would have been still better to have made the same quantity of timber into two 
ribs with cross ties, and diagonal braces between them. The manner of connecting 
the parts by means of dovetail keys is not a good one, as the timber must be much 
weakened by mortises so large as they require, and a very slight degree of shrink- 
age renders them useless. (See Sect. IX. art. 307.) And it is stiU more objec* 
tionable as applied to the radial pieces, 1, 2, 3, 4, &c.fig. 89. These pieces 
would be much better notched on in pairs, and bolted through. 



SCHAFFHAUSEN BKIDGE. 

234. — In Switzerland several excellent wooden bridges have been erected ; one 
of the most celebrated was that of Schaff hausen, constructed in 1767, by John 
XTlrich Grubenmann, a village carpenter of Tuffen, in the canton of Appenzel, but 
certainly one of no ordinary capacity. It was composed of two arches, the one 
172 feet, the other 193 feet span, supported by abutments at the ends, and by a 
stone pier in the middle, which remained when the stone bridge was swept away 
in 1764. In this bridge the oak beams which rested upon the masonry of the 
abutments and pier not having been sufficiently seasoned, nor raised from the 
stone- work so as to admit a circulation of air round them, they rotted, and the 
frames began to settle. Grubenmann being dead, a carpenter of Schaffhausen, 
named Georges Spengler, undertook to remedy the defect in 1788. He raised the 
whole bridge by means of screw-jacks upon scaffolding, supported by piles ; and 
replaced the decayed timbers by others of a , better quality. This was the only 
repair that was done to it during the 42 years it existed ; it was burnt by the 
Erench army in 1799. 

The construction is ingenious, and the principle is shewn in^^. 103, Plate 
XYIII. (See art. 260.) It has been remarked, as the most essential defect, that 
all the principal supports are so dependent upon one another, that a single part 
cannot be removed without first supporting the whole bridge. For further parti- 
culars relating to this structure, the reader is referred to the plate and description 
published by the late Mr. Taylor ; but it is necessary to state, that this bridge, in 
common with others constructed on the same principle, bent considerably side* 
ways. 

Schaffhausen Bridge was finished in less than three years : and Mr. Cox says, 
that ** a man of the slightest weight felt it almost tremble under him ; yet wag- 
gons heavily laden passed over it without danger." It is often stated that the 
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middle pier was not necessary as a support to it ; this however is a mistake, as it 
certainly would not have borne its own weight without the assistance of the 
middle pier.* 



FEEYSINOEN BEIDGB. 

236. — ^The construction of bridges with curved ribs has been much improved 
by Mr. Wiebeking. Instead of forming the ribs of short lengths, he employs 
pieces of considerable length, and bends them to the form of the curve. This 
method has many advantages over that in which short pieces are used : it lessens 
the number of joints, consequently the ribs are more firm, and less liable to decay. 
The Bridge of Ereysingen, on the Isar in Bavaria, is one that was constructed 
according to Mr* Wiebeking's method, in the years 1807 and 1808. It consisted 
of two arches of 163 feet span, with a rise of 11*6 feet ; and the width of the 
roadway was 26 feet. See Plate XYII. Jig. 94 and 96. 

The ribs which supported the roadway consisted of two parts, the one 
more curved than the other ; that which was most curved was built with three 
courses of beams, of from 12*6 to 14*6 inches in thickness, and about 46 feet in 
length. Each beam having been bent to the proper curve by screws or levers, and 
scarfed and bolted to the rest. The upper part of the rib consisted of only two 
courses of beams of 16-6 inches each. 

Each of the abutments were 21*26 feet in thickness, and rested upon 68 piles. 
The piles were fipom 30 to 38 feet long, and 16*6 inches square ; and they were 
driven from 17*4 to 19*4 feet into the ground, with a ram of 1486 pounds weight. 
The straighter parts of the curved ribs abutted against 6 piles which were driven 
within about three feet of the back of the abutment ; these piles were 12*6 inches 
square, and had 20 feet hold of the ground, and were also further strengthened by 
building the abutment round them. In the elevation of the bridge. Jig. 94, the 
abutment to the left of the figure is supposed to be cut through, to shew how the 
two parts of the rib abut into it. 

Each arch consisted of three curved ribs, which were bonded together at seven 
places, by cross ties, ea^h consisting of several pieces of timber laid one upon 
another : and these ties supported seven ranges of beams, laid in the direction of 
the length of the bridge, with diagonal braces between them, and the joisting of 
the roadway laid across them. 

• Cox's Travels in Switzerland, vol. i. p. 9, 10; Scmdelet'e I'Art de Mtir, tome iv. p. 313; Qauthey's 
Construction des Fonts, tome ii. p. 67. 
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In the spaces between the springing of the arches and the first cross tie^ 
inclined braces were fixed crossing one another, and similar braces were fixed 
between the cross ties on each side of the crown of the arch, serving to strengthen 
the bridge against any lateral strain. The upper part of the ribs Were continued 
into the abutments for the same purpose. 

The pier, which sustained the arches in the middle, consisted of nine vertical 
piles, of 17*5 inches diameter, driven about 17*5 feet into the bed of the river ; 
and two inclined piles about 46 feet long. The base of the pier was surrounded 
by a bed of large gravel stones, with the joints filled with water cement. The 
ends of the ribs abutted into vertical posts, which rested upon horizontal sills, that 
were secured to the piles by bolts and straps. A lining of strong oak planking 
was placed between the vertical posts and the piles, and the spaces formed between 
the planking and the piles were filled with beton, or concrete. Fig* 95 is a section 
across the bridge close to the pier. 

In order to preserve the timbers, the mortises and tenons of the vertical posts 
were soaked in hot oil ; and small gutters were made near the lower ends of the 
curved ribs and braces to cause the water to run off, instead of settling into the 
joints. To all the principal timbers two coats of pitch and tar were applied. 

The exterior of the bridge was covered with boarding, painted, and dark lines 
drawn for the jomts, so as to imitate a stone bridge. (See the part of the eleva- 
tion to the right, in fig. 94.) The simple inspection of the figure must convince 
any one that a stone bridge could not be executed with so slight a pier ; conse- 
quently the bridge must have always appeared what it really was. An attempt at 
deception, ill managed, is always regarded with contempt ; and it is much to be 
regretted that some of the finest specimens of this artist's skill are hid beneath a 
clumsy imitation of stone- woric ; whereas, had they appeared without this disguise, 
they would have drawn forth the praises of every one. It may be stated in favour 
of covering wooden bridges with boarding, that it assists in preserving them ; but 
of this there appears some doubt, as it will retain damp air round the timbers, and 
cause them to decay perhaps sooner than when exposed to free evaporation. 

The arches did not settle regularly in this bric^ ; the one settled only about 
3*4 inches, while the other settled 11*6 inches, and in the manner shewn by the 
dotted line upon the elevation, fig. 91. The cause of this irregularity seems to be 
the want of attention in making the beams regular ; consequently, the forces they 
would exert to regain their origmal form not being equals the arch would bulge in 
the weakest place. 

This bridge was entirely destroyed in the campaign of 1809 ; but has been 
since rebuilt nearly on the same plan. 
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THE BBIDGE OF BAHBEEG. 

286. — ^The Bridge of Bamberg, on the B/egnitz in Germany, is another example 
of Mr. Wiebeking's methods of construction; the widest span that has been 
executed according to his principle. It was built in 1809. 

It consists of one arch of 208 feet span, with a rise of 16*9 feet, and the width 
of the roadway is 32 feet. (See Flate ^Yll. fig. 96 and 97.) A stone bridge had 
formerly been erected on the same site; but its heavy piers contracted the water- 
way so much, that the water in a flood accumulated to such a height as to 
oyertum the bridge by its pressure. In consequence of this accident the wooden 
bridge was made to span the whole width of the river. 

In the middle of the width of the bridge, three ribs are placed side by side, the 
middle one being five beams in depth at the abutments, but only three in depth at 
the crown ; but the ones on each side of it are three beams in depth throughout. On 
each side of the bridge there are two ribs placed side by side, and bolted together ; 
these each consist of 6 beams in depth towards the abutment, and 3 beams in 
depth at the crown. The depth of the beams are from 13*6 to 15*6 inches. The 
three compound ribs are united together by cross ties, with diagonal stays or 
braces between, as in the Freysingen Bridge ; also the roadway is constructed in 
the same manner. 

In the elevation, fi^. 96, the boarding is supposed to be removed from one-half 
of the bridge, and the abutment cut through, to shew the manner of framing the 
timbers. Fig. 97 is a section across the bridge at AA on the elevation, to a larger 
scale. 

The joints of all the parts built into the abutments were well soaked in hot oil, 
and also covered with sheet lead. The ribs and joists are of fir, the cross ties and 
plates of oak.* 

237. — In a bridge constructed near Ettringen, by Mr. Wiebeking, of which the 
span was 139 feet, and the rise 8 feet, a different method of strengthening it 
against lateral motion was adopted. Two ribs were placed parallel to each other 
at the sides of the bridge, and other two ribs were placed diagonally between themj 
so as to cross each other in the centre of the bridge, f This method of placing the 
ribs rendered braces in the flooring unnecessary. 

Some very light and elegant wooden bridges have been erected by Mr. James 

• Wiebeking's Trait6 d'une Partie Essentielle de la Science de construire les Fonts, p. 92 — 96. 
t Idem. p. 50—62 
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Bum of Haddington ; the largest is over the riyer Don» seven miles from Aberdeen* 
The span of this bridge is 109 feet 3 inches, the rise 13 feet 4 inches ; the radius 
of curvature 119 feet, and the width of the roadway 18 feet.* 

To supply, in some measure, the place of further descriptions of the various 
kinds of bridges that have been executed, the author has, in art. 258 to 266, 
considered the leading principles of construction ; which, with the following 
tables, will materially assist in informing the reader what has been done, and 
consequently enable him to see how far the art is capable of improvement* 



238. — A Table of the principal IHmenaions of the Bridges constructed by 

Mr. Wiebeking, toith Curved Bibs.f 



Name, sitiution, and date of 
finiahing* 


Width 

of 

roadway 

in feet. 


Span of 

the 
arclkes 
in feet. 


BiMOf 

the 
arches 
in feet. 


Radius 
tuein 


Span to 

arise of 

unity. 


Longest 

lengths 

of beams 

in the 

vtbsin 


Depth of beama 
in the ribs in 


The de- 
flexion 
being 1, 

the 
length 
of the 
beam 


Distance 
of cross- 
ties in 
feet. 


Bridge of Bamberg, on) 
the Begnitz, 1809 ... ) 


32 


208 


16-9 


422 


12-5 


53 


13-5 to 15-5 


50-8 


13 


Bridge of Sharding, onl 
the Bott, 1809 j 


25 


194 


18-8 


258 


10-26 


62 


12-6 — 15-5 


3714 


16 


Bridge of Freysingen, on ") 
thelsar, 1808 \ 


25 


153 


11-6 


246 


13-25 


46 


12-6 — 14-5 


32 


19-3 


Bridge of Angsbonig, on 7 
the Lech, 1808 j 


25* 


114 


106 


158 


10-72 


41 


12-6 14-5 


23-28 


18-8 


Bridge of Etinngen, oyer ) 
the Wertach, 1809 ... j 


25 


139 


8 


305 


17-46 


46 


12-6 — 15 5 


26-2 


11-6 


Diagonal ribs of ditto 




144 


8 


355 


18 










Bridge of Irsingeny oyerl 
the Wertach, 1808 ... ) 


25 


126 


7 


285 


17-91 


48 


11-6 — 14-5 


30 


15-5 


Bridge of Oettingen, oyer 1 
thft Tun, l«fl7 j 


25 


103 


6-8 


200 


15-29 


59 


13-5 — 15-5 


24-4 


17-4 


Bridge of Vilshoyen, on) 
the Vila, 1809 j 


27 


179 


111 


378 


1609 


38 


13-5 — 15-5 


30 


11-6 


Bridge of Altenmaikt, on ) 
thA AW IRrtft j 


27 


140 


12-9 


203 


10-96 


38 


9-68 


30 


7-9 






c. .^ 


n«:j.-«> 


» RQ'y 















t From Wiebddng's Tnite d'nne Partie EaaentieOe de k 

V 



de oonstnmie les TaaU, p. 129. 
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239. — Table of the Spans of some of the most celebrated Wooden Bridges 

m Europe. 



Namei datOi and situatioii. 



Width of 
roadway. 



Bridge of Scbaffhausen, 1767, by Ulricb ") 
Grubeninaim, two arches 3 

Bridge of Kandel, in the Canton of '^ 
Berne, 1764, by Bitter, constructed > 
offir ) 

Bridge of Walton upon the Thames, by 7 
Etheridge, about 1758 ) 

Bridge of Zurich 

Bridge of Landsberg, over the Lech, ^ 
1807, by Wiebeking, of fir ) 

Bridge of Sault, on the Ehone, France 

Bridge over the Don, seven miles firom 1 
Aberdeen, 1803, by James Bum ) 

Bridge of Cismone, by Palladio 

Bridge of La Cit^ on the Seine, Paris, 
1802, by Pemoutier, of oak 

Bridge of Seurre^ on the Saone 

Bridge of Toumus, on the Saone, 1801, 1 
by Gauthey, of oak ) 

Bridge of Granholm, four miles from) 
Aberdeen, by James Bum ) 

Bridge of Choisy, on the Sdne, 1811 . . . 

Bridge of Chazey, on the Ain 



} 



Bridge of Brechin, by James Bum 



Bridge of Mulatiere, Lyons, on the Saone, 
by LalliS 

Bridge of St. Glair, on the Rhone, by 
Morand, 1775 

Bridge of Bassaho, over the Brenta^ by 
Palladio 



} 



16 



22i 



18 



34 



31i 

lot 

21 
15 

31i 

42i 
27 



S|ianof 

widest 

opening. 



I 



172 
193 

166 

130 
125 
123 

110-8 

109i 

108 

104 
94 
89i 

7U 

67 
64 

58 
67 
45 
36-8 



Rise of 

widest 

opening. 



27 



131 



lOi 
9 



10 



Authority. 



Cox's Travels. 



Bondelet, T Art de B&tir. 

C Smeaton's Reports, vol. 
( iii. p. 371. 

Qauthey. 

Wiebeking. 

( This bridge £Euled in a 
\ few years. See art. 
( 263. Gauthey. 

C Telford: Edinburgh En- 
( cyclopiedia. 

Bondelet. 

Gbkuthey. 

Gauthey. 

Gauthey. 

C Telford: Edinburgh En- 
( cyclopsedia. 

Gauthey. 

Gauthey. 

C Telford: Edinburgh En- 
\ cyclopaedia. 

Gauthey. 



Gauthey. 
Bondelet. 
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ON THE DESIGN OF WOODEN BEIDGES. 

240. — The principal objects to be attended to in a-design for a wooden bridge 
are, 1st, the choice of a proper situation ; 2ndly, the width of the roadway ; Srdly, 
the water-way which ought to be left for the river ; and 4thly, the span of the 
arches. Each of these is chiefly determined by local circumstances. 

The principal object in erecting a bridge is to obtain a more easy and ready 
communication between the opposite banks of a river, a deep ravine, and places of 
a like nature ; and, in general, the situation ought to be that which is most con- 
venient for the use of the public. Sometimes, however, it happens that the most 
convenient situation is not the best adapted for the erection of a bridge. In this 
case the advantages and disadvantages of other situations should be carefully con- 
sidered, and the site determined so that the means of communication may be as 
direct as possible, and the access to the bridge commodious. 

This determination will be much facilitated by making a correct plan of the 
course of the river, and of the roads which are to be connected with the bridge. 
This plan should be sufficiently extensive to give a correct idea of the nature of 
the river, and of the changes its bed may have undergone ; and also of the direc- 
tions of the roads. 

The bridge should always, if possible, cross the stream at right angles ; and it 
is an advantage, when the course of the river is nearly straight for a considerable 
distance above the bridge ; and when there is a contraction in the channel at a 
little distance below the bridge, it renders the effects of floods less dangerous. 

The situation being fixed upon, a correct section should be made of the bed of 
the river, shewing the form of the opposite banks, and the depth of water at diffe- 
rent seasons of the year. Also on this section should be put the line of the 
highest and lowest water marks, which should be drawn from the best information 
to be procured from the observations of the oldest inhabitants of the neighbour- 
hood. 

The nature of the bed of the river should be carefully examined, particularly 
in the site of the abutments or piers, by boring, driving in a rod of iron, or other 
means, to a sufficient depth to be certain of the quality of the ground. 

It would also be desirable to have a section shewing the declivity of the bed of 
the river for a considerable distance above and below the situation of the intended 
bridge, and also the velocity of the stream at different periods. 

u2 
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THE WIDTH OP THE BOAD-WAY. 

241. — ^The width of a bridge depends wholly on the situation of the place 
where it is to be erected. It ought to be wide in proportion to the importance of 
the communication to be effected, and according to the population of the place at 
or near where it is situated; but it is desirable that Its width should not be 
greater than its situation requires, because it increases the expense of erection 
without adding to its utility. 

The width of a bridge between the parapets, intended for wheeled carriages, 
may be from 18* to 45 feet, according to the situation. Where the road is at a 
distance from any principal town, and has little traffic upon it, the width of the 
bridge may be from 18 to 20 feet ; in more frequented places, from 20 to 22 feet ; 
near to towns, and on great public roads, from 25 to 30 feet ; and in or near large 
cities, from 30 to 45 feet. 

In private roads and parks they are made from 12 to 20 feet in width ; and 
foot bridges, from 5 to 8 feet. 



ON THE WATEE-WAY LEFT FOR THE EIVER. 

242. — ^The water-way of a bridge should be sufficient to give free passage to 
the highest floods, and particular regard must be had to this circumstance in 
fixing the height and width of the arches. 

The form and quantity of water-way is often so much altered by the bulk of 
the piers, that there is an increase of velocity in the current under the bridge ; and 
when the bottom is of such a nature that it will yield to this increased action of 
the current, there is much danger of the bases of the piers being undermined ; 
also in navigable rivers it renders the navigation difficult and often dangerous. 
Whereas, if the forms and magnitudes of the piers be so contrived that there shall 
be only a very small increase of velocity under the bridge, those evils will be 
avoided, and the floods will pass without doing any material injury. 

Whenever the velocity is increased by contracting the width of the stream, the 

* Smeaton sajs, tliat it is found by experience that 18 feet clear width admits of carriages passing with 
ease, freedom, and safety. Beports, vol. iii. p. 51. In my opinion 9 feet is a proper width for one carriage, 
and 2 feet for a foot passenger ; hence the carriage way should be 9, 18, 27, 36, &c. and each foot way 2, 4, 
6, 8, &c. feet in width ; where the increase is not made in this manner the advantage of it will be very 
trifling. 
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bottom wears deeper, unless it be so bard as to resist the increased action of the 
current. In the latter case the chief evil will be the fall of water under the arch. 

The velocity of rivers is extremely variable ; it depends chiefly on the declivity 
of the bed, and is most considerable in mountainous countries. In level districts 
there is little to be apprehended from the effect of the velocity ; nevertheless it 
would not be prudent, even in level situations, to contract the water-way so as to 
produce a rapid fall under the bridge, particularly if the bed of the river be not 
sufficiently firm to withstand it. 

The danger of a considerable fall under the bridge is well known from the bad 
construction of the late London Bridge, where the fall during the ebb was gene- 
rally about 4 feet ; and many lives have been lost in attempting to pass it. The 
want of a sufficient water-way appears to have been one of the causes, if not the 
chief cause, of the failure of Hexam Bridge, in which the fall was not less than 5 
feet at the time the bridge fell,* and the bottom not of a nature to withstand such 
an increase of velocity. 

A bridge seldom if ever fails unless in consequence of a want of water-way ; 
and, on the other hand, care should be taken not to run into the other extreme, as 
it is equally dangerous ; because, when more space is left than is necessary, a 
deposit takes place of sand and gravel, which when once begun, in process of time 
reduces the water-way so much as not to allow a free passage to floods. 

243. — The following table will enable the reader to compare the firmness of 
bottoms of different materials. The experiments were made by Dubuat.f The 
second colunm gives the greatest velocity the material in the third column is 
capable of resisting ; and the fourth column contains the specific gravity of the 
material. In the first column the popular stages of accumulation are stated. 



stages of accamulation 
termcdy 


Velocity of river 

in feet per 

second. 


Nature of the bottom which just bears such velocities. 


1 

Specific gravity 


Ordinary floods 

XJnifonn tenors 

Gliding 

DuU 


C3-2 
(217 

(107 
^0-62 
(0-71 

0-361 

0-26 


Angular stones, the size of a lien's egg 

Bounded pebbles, one inch in diameter 

Gravel of the size of garden beans 

Gravel of the size of peas 


2-26 
2.614 

2-545 , 
2-545 1 
2-36 

2-545 

2-64 


Coarse yellow sand 

Sand, the grains the size of aniseeds 

Brown potter's day 



* Smeaton's Reports, vol. iii. p. 338. It appears that the bottom was sufficient to withstand a fall of 
3 feet 9 inches, but fidled in the flood which rose to 5 feet. Page 313. 
t Frincipes d'Hydiaulique, tome ii. art. 399. 



150 WOODEN BBIDGIiS. [§ VIII. 

244,— It appears then, that the velocity of the water under the bridge is deter- 
mined either by the nature of the bed of the river, or by the quantity of fall that 
would be hurtful to navigation. 

If b represent the breadth of the natural water-way, and c the breadth as 
reduced by the construction of the bridge ; also V the velocity in feet per second 
of the river in its natural state ; then the velocity v under the bridge will be 

h V 

expressed by the equation t? = m. V — , and c = m. i — . Where w is a con- 
stant quantity which expresses the contraction a fluid suffers in passing through a 
narrow passage. According to Sir Isaac Newton*s experiments, the value of m is 

OR 

- ; * this value of m should be used when the ends of the piers are square ; but 

they are generally made of a form better adapted for dividing the stream ; and 
Dubuat has made some experiments with models of piers with the end facing the 
stream in the form of an equilateral triangle, and according to these experiments 

b V 

we may take m = 1-09. t Adopting this value, v = 1-09 V — , and c = l*09fi — . 

Example. Let the bottom of the river be fine sand, and the breadth of the 
natural water-way 36 feet, and the velocity V = 0*26 feet per second. Then for 

y 

a fine sandy bottom, t? should not exceed 0'351 feet; hence c = 1'09 i — = 

i — = 27*7 nearly, which is the breadth of the contracted water-way ; 

0-361 ^ '^ 

and 8 3 feet may be occupied with piers without endangering the bottom. 

245. Retaining the same notation, the quantity of fall, A, will be found by the 

equation ^ — ^ — x V = A.J And taking the value of w = 109, then m^ = 

1*1881 ; or near enough for practice, w' = 1*2 ; consequently, — wr^ — x V^ = 
A, the fall. 

Example. The breadth of the Thames above London Bridge is about 936 feet, 
according to the observations of Mr. Labelye, in 1746 ; and the sum of the water- 
ways of the old bridge at the time of low water was about 200 feet j the mean 
velocity of the stream just above the bridge 3^^ feet per second. Therefore 

1-2 b^ - c^ X Y^ = ^^ ^ 876996 ^ 40000 mi _ 1011315-2 v. 361 _ ^^^ « . 



64 c3 64 X 40000 36 2560000 36 

or 4 feet nearly, which rendered the passage extremely dangerous. 

• Principles of Natural Philosophy, book ii. prop. 36. 

t Dubuat*8 lowest number is 1*097, but in wide rivers perhaps it will be less ; therefore we have assumed 
1-09 as near the truth. See Dubuat's Principes d'Hydraulique, tome i. p. 15. 

J An investigation on this formula is given by Dr. C. Hutton, in his Tracts, vol. i. p. 87, or vol. iii. 
p. 371 ; also, in his Course of Mathematics, vol. iii. p. 378. 
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The velocity of the current and the area of the section of the water-way should 
be ascertained at the time of the highest floods ; but as this is seldom possible, we 
must often be satisfied with an approximate value of the fall at that time ; which 
may be obtained by observing the velocity when the river is as much above its 
ordinary height as it may happen to be during the time allotted for observation, 
and ascertain the depth of the river corresponding to that velocity. Now in the 
same river and situation the velocity is nearly as the square root of the depth ; 
therefore the velocity for one depth being known, that for any other depth may be 
found by direct proportion.* 

The fall under the bridge is directly as the square of the velocity, therefore 
there is much danger in contracting the water-way of a rapid river, and the fall 
will also be nearly as the depth of the river; which shews how necessary it is to 
ascertain the height of the highest floods. f 

246. — ^The following is a table shewing the velocities of some of the principal 
rivers, which may assist in giving more accurate ideas on this interesting subject ; 
and we have only to regret that so few observations have been made, that it is not 
so complete as it might have been expected. 



Name of river. 



Thames 

Seine .. 

Tiber ., 

Danube 

Loire . . 
Rhone . 
Durance 



Place of observation. 



C Above London Bridge 

I Above Westminster Bridge 

( Between Tuileries and Pont-neuf 
( Between Surenne and Neuillj. . . . 

Bome 

Ebersdorf. 

Declivity of the bed -000382 . . . . 

C At Aries 

\ At Beaucaire 

From Sisteron to its mouth . . . . 



state of river. 



Mean state 
Mean state 



Low water 
Low water 

High water 



Low water 
Low water 
Mean state 



Velocity in feet, 
per aecond. 



{ 



81667 
2-26 

1-54 
2-56 



3-28 
345 

C from 7-2 
(to 12-2 
4-25 
4-8 
8-2 
8-2 



Obeerver. 



Labelje. 
Labelje. 

Marriotte. 
Chesej. 



• See Hydraulic Tracts, p. 198. Where more accurate formula for the motion of water in rivers are 
given. 

t Bespecting the velocity of rivers, and the fall of water under bridges, the reader may consult Dubuat's 
Principes d'Hydraulique, edit. 1816; Dr. Bobison's article Biver, Encyclopaedia Britannica; Playfair's 
Outlines of Natural Philosophy, vol. i. p. 190 ; Bees' Cyclopaedia, art. Biver, by Mr. John Farey ; Hutton's 
Tracts, vol. i. ; Sir H. Douglas on Military Bridges ; Dr. Brewster's Encyclopaedia, art. Hydrodynamics \ 
and Hydraulic Tracts, 1826. 
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In 1818 an immense quantity of water was collected in the Val de Bagnes, in 
Switzerland, by a glacier sliding into the valley ; when the ice gave way, the 
torrent burst forth with the tremendous velocity of 33 feet per second, and swept 
two bridges away in its course, and still retained a velocity of 6 feet per second 
when it flowed into the Lake of Greneva, a distance of nearly five miles.* 



OF THE SPAN OF THE AEGHES. 

247. — ^The extent of the span is the next subject to be considered ; it will be 
obvious that this is in some degree determined by what has been said respecting the 
quantity of water-way. The span of the arch, however, must also be regulated by 
the form of the banks, the height of the highest floods, the depth and rapidity of 
the river, and the kind and dimensions of the timber that can be procured. 

In rivers which are tranquil, of little depth, and not subject to high and rapid 
floods, the number of piers may be augmented without inconvenience, provided 
they do not interrupt the navigation of the river, nor contract too much the 
water-way. 

But if the bridge have to cross a torrent, the least possible number of supports 
should be placed in the stream. When the banks are not too low, and the width 
of the river does not exceed 300 feet, the engineer should give the preference to 
one arch. When more than one arch is required, much expense cannot be saved 
by making the span of the arches large, because the piers in such cases require to 
be carefully constructed, and there will be much additional labour, and consequently 
expense, both in the arches and piers. But if the opening be not greater than can 
be spanned with one arch, it would certainly be the best method to do it so, 
especially if the banks be high on each side. 

248. — ^The rise of the arch or arches is generally limited by the form of the 
road- way and the height of the highest water-line, as that line should be the 
springing of the arch. The road-way should always be of as easy an ascent as 
circumstances will admit of; ascending from each side to the middle in a rise of 
about one part in 36, gives the bridge a slight curvature, which improves its 
appearance ; but it ought not to rise at a quicker rate than one part in 12. On 
this subject Mr Smeaton remarks, that the ascent of Westminster Bridge was 
originally laid out to be one part in 20, but he apprehends it to be at least 
one in 12 ; he further observes, that, in laying out roads and bridges, if the 

"* Edinburgh Philosopliical Journal, No. 1, p. 191. 
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asoents do not exceed 3 inches per yard, they are in no way objectionable.* Alberti 
states the ancient rule to be one in 30, with sometimes a quicker rise at the centre 
of the arch, but so short that an animal might draw a load over it at one effort. 

Holbom Hill is stated to have a rise of one in 18, and that it is necessary at 
all times to lock the wheel of a loaded waggon. Ludgate TTill rises only one in 
36 ;t and when it is possible to construct a bridge with so gentle a rise, it is much 
more desirable. Mr. Telford mentions one in 24 as a convenient ascent for a 
bridge ;t and it is perhaps that which will in general be found to agree best with 
the other circumstances to be attended to in the erection of a bridge. 

Mr. Wiebeking § also names a rise of one in 24 as that which may be used 
without inconvenience ; but he observes, that, in timber bridges, the settlement is 
generally about one part in 72 ; that is, if a timber bridge of 144 feet span rise one 
foot in the middle when first framed, it will settle so as to become nearly hori- 
zontal ; therefore, when it is intended that the bridge shall have an ascent of one 
in 24 when finished, it must be framed so as to have a rise of one in 18 ; for 

111 



18 24 72 

249, — But when the rise of an arch or truss is limited, whether it be by the 
form of the roadway or any other local circumstance, the span is also limited ; for 
if the span does not bear a certain proportion to the rise, the bridge will not sup- 
port its own weight. This proportion depends on the radius of curvature of the 
curve of equilibrium, and from the length of this radius we may also determine to 
what extent a single arch may be constructed. The largest span of which we have 
any correct account being executed with timber, is the bridge over the Limmat, 
near Wettingen ; this span is 390 feet, the whole rise about 43 feet, and the radius 
of curvature of the curve of equilibrium about 600 feet. 

It has been found by experiment that the force required to crush a square inch 
of oak is 5147 pounds, || and suppose one-fifth of this force to be a sufficient load 
to trust upon each square inch in a bridge, this force would be equivalent to the 
weight of a column of the same material 2950 feet high. And it is shewn by 
writers on the strength of materials, that in an arch of the same material, of which 
the radius of curvature is equal to the height of this column, the parts of the arch 
will be pressed with the same force as the weight of the column. (See art. 128.) 

* Smeaton's Eeporte, vol. iii. p. 226. f Supp. to Ency. Brit., art. " Bridge," p. 607. 

J Edinburgh Ency., art. "Bridge." § Traits d'une Partie Essentielle, &c. p. 125. 

II Philosophical Transactions for 1818 ; or Philosophical Magazine, vol. liii. p. 170. 

X 
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Consequently, in a bridge constructed of oak, the radius of curvature should 
never exceed 2960 feet ; and for fir it should not exceed 3000 feet. 

But then the construction is similar to a framed lever ; the abutments being 
secured by a horizontal tie, the radius of curvature of the curve of equilibrium of 
the compressed part of the frame, when it is sufficiently loaded with its own weight, 
will be only half the height of the column that would produce an equal pressure 
on the same base, because in this kind of construction there is at least double the 
weight of materials. Therefore, in a bridge with horizontal ties, the radius of 
curvature should not exceed for oak 1476 feet, for fir 1600 feet. 

These numbers only give the radius when the frames, or ribs, are sufficiently 

loaded with their own weight ; but there is the roadway and the timbers connected 

with it, which add nothing to the strength of the bridge. But the radius of 

curvature of a bridge which will be sufficiently loaded when the whole weight to 

be laid upon it is taken into consideration, may be found by the following 

proportion : 

As the whole weight of the bridge 

Is to the weight of the supporting frame ; 

So is the radius of curvature above determined 

To the radius required. 

The following table shews the radius of curvature when the weight of the sup- 
porting frame is to the weight of the whole in the ratios stated at the head of the 
colunms. 



Kind of constraction. 


Radios of carvatnre. 


Weight of roadway, &c. 5 
Weight of frame. . .1 


Roadway, &c. . 6 
Fnme ... 1 


Roadway, &c. . 8 
Frame ... 1 


Roadway, &e. . 10 
Fnme ... 1 


Curved ribs of oak supported 7 
by abutments ) 


feet. 
590 


feet. 
422 


feet. 
330 


feet. 

270 


Ditto, of fir, ditto 


600 


430 


334 


273 




Framed with horizontal tie, ") 
oak ) 


492 


370 


295 


246 


Ditto, fir 


500 


375 


300 


250 





These calculations suppose the parts of the bridge to be accurately balanced, 
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accordiDg to the principles of equilibrium ; and it is obvious, that any defect in 
this respect must render it necessary to increase the curvature. 

Wiebeking, in his work on Bridges, gives some proportions for the rises for 
different spans, but not from principles ; his proportions being founded entirely 
upon the observations he had made in practice. As feur as regards appearance, he 
states one-tenth of the span to be the best proportion for the rise of an arch ; but 
as it is in general desirable to keep bridges low, he gives the following proportions : 

From 100 to 150 feet span make the rise ^ 

200 i 

800 A 

400 i\ 

500 i^g 

600 ^ 

Wiebeking says, that experience had convinced him that larger spans require a 
greater rise than small ones ;* but it will be seen, from the table given in art. 270, 
that large spans require even a greater rise than he has assigned to them ; indeed 
his proportions are not to be depended upon beyond 300 feet spans ; nearly so far 
he has had experience: and to determine the least rise for larger spans, the 
rules above laid down, or others derived from the same principles, are the only ones 
to be depended, upon. 

It is of considerable importance to know the radius of curvature that should 
not be exceeded for different materials, as it determines at once the least rise which 
ought to be given to an arch when the span is known, as well as the extent of span 
when the rise is known. Perhaps the young artist may imagine that we have 
undervalued the strength of the materials in taking only one-fifth of the force that 
actually produced fracture; but he must remember that when fracture takes 
place, the piece submitted to experiment is generally shortened about one-third of 
its length ; now, as the quantity of compression is as the force, nearly, one-fifth of 
the force would reduce the length almost one-fifteenth part, which would produce 
a degree of derangement in a system of framing that should never be found in a 
bridge. 

CONSTEUCTION OP THE ABUTMENTS AND PIERS. 

250. — The abutments and also the piers should be executed in stone, in which 

* Wiebeking's Traits d'une Partie EssentieUe, &c. p. 126 and 127. 

x2 
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case all that relates to the construction of them falls within the mason's depart- 
ment : nevertheless, as they should be capable of sustaining the thrust of the arch 
where there is not a horizontal tie, we give the following rule for finding the 
proper thickness ; the abutments being rectangular, and the weight of a cubic 
foot of the stone-work 120 pounds. 

BiULE. Multiply the square of the height of the abutment by 160, and divide 
this product by the weight of a square foot of the arch, and by the rise of the 
arch ; add unity to the quotient, and extract the square root. 

Diminish the square root by unity, and multiply the root^ so diminished, by 
half the span of the arch, and by the weight of a square foot of the arch. 

Divide the last product by 120 times the height of the abutment, and the quo- 
tient will be the thickness of the abutment. 

Exixmple, Let the height of the abutment from the base to the springing of the 
arch to be 20 feet, half the span 100 feet, the weight of a square foot of the arch, 
including the greatest probable load upon it, 800 pounds, and the rise of the arch 

160 X 20 X 20 „, 

18 feet. Then = 11852, and 11-852 + 1 = 12-862. The square 

300 X lo 2.Q y -^1^ ^ goQ 

root of 12-852 is 3-6 nearly; and 3-6 — 1 = 2-6. Also = 32-5 

feet, the thickness required. 

The abutment thus determined is one-fourth above that which would barely 
resist the thrust of the arch, besides the additional stability it receives from that 
part of the height above the springing. In order to prevent any risk of sliding at 
any of the joints of the masonry, it would be an advantage to incline them towards 
the opening of the arch, making the inclination less and less as it approaches the 
base. In fig. 112 and 114, the joints are drawn in the manner proposed. 



PIERS. 

261. — ^When piers are necessary, either to save expense, or to reduce the span 
of the arches to a practicable extent, to construct them of stone is the best 
method, as piers of timber very rapidly decay : the timber in a wooden pier being 
exposed to the alternate action of dryness and moisture, and consequently in the 
worst situation timber can be placed in. 

Stone piers for wooden bridges have been used in many situations : the follow- 
ing table shews the span of the arches and thickness of the piers in some of the 
principal ones. 
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Name of Bridge, &e. 



Bridge oyer the Schuylkill^ at Philadelphia * 

Bridge at Trenton, oyer the Delaware * 

Bridge of TonmuB, over the Saone, France t 
Bridge of Choisy, oyer the Seine, France t • . 



Span of centre 
arch. 



feet* 

194 

194 

89 

67 



inches. 
10 



6 

6 



Thickness of 
piers. 



feet. 
27 
19 
16 

9 



inches. 

7 



6 

10 



Thickness of pier in 
parts of span. 



s 

TT 

1 

T 



It will be seen that considerable latitude has been taken in fixing the dimen- 
sions of stone piers. If it be considered that they should be capable of withstand- 
ing the thrust of the arches, their thickness should be found by the same rule as 
has been given for the abutments ; the ends of stone piers should be of a parabolic 
form, in order that the water may glide easily between them4 

262. — When timber is used for piers, they may, in simple cases, be constructed 
by driving a single row of piles for each pier in a line with the current of the river. 
The piles may be from 10 to 14 inches square, and placed at from 2 to 4 feet 
distance from one another. The piles should be strengthened by oblique braces. 
Fig. 3, Flate XYI. represents a pier of this kind. 

253. — In a deep river, or where the height of the roadway is much above the 
surface of the water, it is difficult to get piles of sufficient length.^ In such a case 
the piles may be driven and cut off a little below low-water mark, and upon these 
piles posts may be placed for supporting the roadway. The joinings should be 
secured by means of horizontal pieces well bolted together. A, B, and C,ftg. 117, 
Plaie XX, shew the way in which the upper and lower parts of the pier should be 
connected. 

The piers of the Bridge of St. Clair, at Lyons, are constructed nearly in this 
manner, || and it has the advantage of giving good hold to the piles, besides render- 
ing them much easier to drive ; it also cuts off the connection between the part of 
the pier which is constantly wet, and of long duration, and that which is alter- 
nately wet and dry ; consequently it is much easier to repair or renew the posts, 
which will from their situation often require it, 

* Quarterly Review, vol. xix. p. 256. 

t Gauthey, Construction des Ponts, tome ii. p. 63 and 65. 

X See Dubuat's Principes d'Hydraulique, tome i. p. 294. 

§ See Clark's Suspension Bridge at Pesth, a work just published in large octavo. 

II Gauthey, Construction des Ponts, tome ii. p. 72. 
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254.— But when the depth of the river is very considerable, it would not be 
safe to trust to a single row of piles ; in that case the lower part should consist 
of a double row of piles, BB ( fig, 118, Plate XX.) at about three feet distance 
from middle to middle, connected by the horizontal beams EE, and the cross 
pieces DD, for supporting the posts. 

In order to secure the feet of the posts, they must be clasped by two horizontal 
ties, C, C, and the whole well bolted together. 

Fig. 93, Flate XVI. and fig. 99, Plate XVII. shew how the posts may be 
braced ; and when their height is considerable, one or more courses of horizontal 
ties will be required besides the inclined braces. 

255. — Instead of driving piles for the piers or supports of a wooden bridge, Mr- 
Telford has adopted another method with perfect success on the river Severn, 
about eight miles below Shrewsbury. He makes choice of any convenient situation 
on the banks of the river for constructing the pier, which consists of an upright 
&ame having a grated firame attached so as to form its base, the base extending on 
each side of the upright frame. The framing is then sunk in its proper situation, 
the bottom having been carefully levelled to receive it. 

Through the spaces in the grated frame short piles are driven to keep the whole 
secure in its place. The sides of the upright frame are covered with planking, 
and in order to add to the stability the lower parts are filled with gravel and small 
stones. 

To prevent ice, or other bodies carried down by the current, from injuring the 
piers, the edges of the frames which face the stream have triangular pieces of cast 
iron fixed upon them.* Pender piles are also sometimes driven so as to form a 
triangle at a little distance above and opposite to each pier. 

256. — ^When ariver is subject to ice floods, the piers should be protected by ice- 
breakers, which should be detached, in order that the bridge may not be injured 
by the shock of bodies descending with the current. The ice-breaker. A, B,fig. 
98, Plate XVII. consists of a single row of piles, connected by two horizontal 
beams, with an inclined capping, the edge of which is protected by a triangular 
prism of cast iron. 

Pig. 119, Plate XX, is a plan and side elevation of an ice-breaker, consisting 
of two rows of inclined piles ; the heads of which abut against an inclined capping, 
protected with iron as before. The inclined sides to be covered with planking, 
which is not shewn on the engraving. 



♦ Edinburgh EncyclopaBdia, art. " Bridge," p. 537. 
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In a large bridge there is little danger to be apprehended from connecting the 
ice-breaker with the pier. 

257. — Piles fix)m 10 to 14 inches diameter require to be driven with a ram of 
from 1000 to 1700 pounds weight.* 

Pile planks require a ram from 600 to 900 pounds weight ; and are about 8 or 
9 inches wide, and 3 or 4 inches thick. 

The Bridge of Preysingen, already described, art. 236, is an example of a timber 
pier of a different construction, which is well worthy of the reader's attention. 

But after every precaution is taken to ensure the durability of wooden piers, 
they almost always are in a state of decay before the superior parts of the bridge ; 
therefore they should only be used where it is difficult to procure stone : in such 
cases the modes of construction adopted by Mr. Telford and Mr. Wiebeking may 
be employed with advantage. 



CONSTEUCTIOK OP THE AEGHES AND TIMBEB FRAMES FOB. WOODEN BEIBGES. 

258 — Before proceeding to specify the modes of construction adapted to par- 
ticular cases, a few observations on the general principles of construction will 
perhaps render the advantages of the methods proposed more evident, and, what is 
of more importance, will improve the student's notions of the subject. 

Let AB, fig. 100, Plate XVIII. be a solid beam resting upon the supports A 
and B. If we suppose this beam to be the support of a roadway, it will, besides 
its own weight, have to support the planking and road, as well as that of any 
heavy body moving over it. 

A beam may be made stronger, with the same quantity of timber, by making 
it deeper in the middle, and less at the ends, as in^. 101 ; for a strain at C will 
have less effect in bending that beam, than one at the middle of the length. And, 
however the weight may be distributed, if it be sufficiently great it will cause the 
beam to bend ; and when a beam bends, it is observed that the fibres at the upper 
side d are compressed ; and that those on the lower side e are extended. Also 
that there may be a line drawn at the middle of the depth a c b^ where the fibres 
are neither extended nor compressed, but remain in their natural state. But all 
the fibres between c and d are compressed, and all those between c and e are 

• If A be the height of the fall, to the weight of the ram in pounds, h d the area of the section of the 

^hdl (W+ w) 
pile in inches, and I the length of the pile in feet, its weight in pounds W ; then h = . 
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stretched ; though not equally so, because the nearer a fibre is to the points d 
or e the more it is strained. 

Now as the middle part of the depth of the beam is very little strained, in 
comparison with the upper and lower sides, it is clear that we can employ the 
same quantity of timber in a more efiTectual manner, by using a deeper beam, 
cutting it down the middle, and framing the parts together, as is shewn in^^. 102. 
Because we have seen that the middle part exerts very little force, and its weight 
is a considerable load on the beam.* 

259. — If we now attend to the forces exerted by the parts of the beam, it will 
be found that the upper part, amdnb,iB wholly compressed in the direction of 
its length, and that the lower part, ar e 8 b,iB wholly extended in the direction 
of its length ; and it is well known that timber offers the greatest degree of 
resistance when strained in the direction of its length, provided the necessary 
degree of security can be given to the joints. 

260. — From these considerations we are naturally led to the kind of construc- 
tion shewn hjfig. 103, where it is obvious the same pressures obtain as in the 
perforated beam above described ; the only difference being, that here the tie-beam 
is supported, as otherwise it would fail in large spans. The celebrated bridges of 
Schaffhausen, Zurich, Landsberg and Wettingen, are constructed on this principle. 
In the bridge of Schaffhausen the disposition of the timbers is nearly the same 
as is shewn hjfig. 103. The continued tie AB retaining and being an abutment 
for the compressed beams, the frame requires only to be supported, and has no 
other thrust on the abutments of the bridge than a solid beam would have. 
Framed bridges, such as that designed by Palladio, fig. 86, Plate XVI. may be 
referred to the same principle. 

261.— It is easy to conceive that the tie might be entirely removed, provided 
the abutments were made capable of sustaining the thrust. This, without any 
other change, leads us to the kind of construction represented in fig. 104, which 
has been adopted by Joseph Bitter for a bridge across the torrent of Kandel, in the 
canton of Berne, t Mr. Semple has given a design for a bridge on this principle. { 

* If the depth be expanded till it be n times the depth of the solid beam, then its strength will be to 

1 
that of the solid beam as 8 n — 8 + ""^ is to 1 ; thus if d eyjig, 102, be three times the depth of the 



solid beam, then the strength will be3x3— 8 + i = 6i times that of the solid beam. 

t This bridge is described by Gauthey, Construcjtion des Fonts, tome ii. p. 61 ; and also by Bondelet, 
I'Art de B&tir, tome iii. p. 816. 

X Semple on Building in Water, p. 114. 
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262. — But as long pieces of timber require to be of a proportionate depth and 
breadth, consequently are not easily procured, and in scarfing much of their 
strength is lost ; a kind of construction where short timbers only can be procured 
is desirable. Mg. 105 represents a combination which may be used in such cases 
with advantage. Such a combination has been often employed; we have an 
example in that of Falladio across the Brenta (see Plate XYI. fig. 88) ; and the 
Bridge of St. Clair, over the Bhone at Lyons, is of the same kind. 

263. — ^We cannot however derive much benefit from shortening the beams, by 
dividing the span into shorter lengths, because the angles of junction become more 
obtuse or open, and of course the strain in the direction of the pieces is much 
increased* And, however strong such a bridge might be, in respect to a constant 
load distributed over it, the weight of any load moving upon it would soon derange 
it ; because the strength of such a system to resist a variable load must depend 
wholly on the strength of the joinings, to which it is difficult to give much 
strength. Nevertheless, bridges have been both designed and executed on such 
principles, as is represented by fig. 106 and 107. The combination, fig. 106, 
resembles the Bridge of Mulatiere, at Lyons, over the Saone ;* and fig. 107 is com- 
bined nearly in the same manner as the arches of the Bridge at Walton, which 
was found in a state of decay in 20 years, f The bridge of Sault, on the Bhone, 
was also on the same principle as^^. 107, and failed within 13 years. { 

264. — Prom combinations of the kind last noticed, the continued curved rib, 
in the manner proposed by Price (see art. 232) naturally succeeds, which possesses 
advantages not to be found in a series of beams merely abutting end to end. Por 
when the rib is built of short lengths with the joints crossed, and the different 
thicknesses firmly bolted together, it becomes as one solid beam. If we suppose 
the straining force to be applied at D, fig. 108, then the force must be sufficient to 
fracture the rib at C, D, and £ ; therefore, when the strength of the rib is capable 
of sustaining the strains at C, D, and E (see Sect. II. art. 128), and the curve is a 
proper curve of equilibrium to the constant load (see Sect. I. art. 62), this is at 
once a simple and efifectual combination. The use of curved ribs of this kind, it 
has been already noticed, appears to have been known at a very early period (Sect. 
VIII. art. 228) ; but it has been only lately that they have been extensively em- 
ployed in the construction of bridges, and it has been further improved by bending 
the pieces which form the ribs. Among other considerable structures on this 

* Gauthey, Construction des Fonts, tome ii. p. 56. 

t Smeaton's Beports, vol. iii> p. 371. An engraving of Walton Bridge, from a drawing by Mr. John 
Farey, is given in Eees*8 Cyclopaedia. 

X Graathey, Construction des Fonts, tome ii. p. 55. 

T 
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principle may be noticed, in France, the Bridge of Ghoisy on the Seine, and that 
of Chazey on the Ain (the former 67 feet, and the latter 64 feet span) ; the Bridge 
of Tournua on the Saone, built in 1801, of nearly 90 feet span ; in Bavaria, a bridge 
near Oettingen, on the river Inn, built in 1807, of 103 feet span ; the bridge near 
Freysingen, on the Isar, of 163 feet span, built in 1808 ; and the bridge near 
Bamberg, over the Begnitz, of 208 feet span, built in 1809. The last three were 
designed by Mr. Wiebeking,* and two of them are represented in Flate XYIL A 
rib composed of bent beams is shewn hjjig. 109. 

It may not be altogether useless to remark, that cast-iron bridges are now 
constructed nearly on the same principle as fig. 108 ; the finest specimen to be 
seen is the Southwark Bridge, consisting of three arches, the span of the centre 
arch being 286 feet. It was designed by Mr. Bennie.t 

266. — ^As a bridge with a curved rib» when the span is oonsidarable, yields at 
B, C, and £ (fig. 109) when the load is applied at the middle, the strength must 
of course be increased, by increasing the depth of the rib ; and consequently a 
framed rib, such as is shewn by fig. 110, is the next step in the progress of 
improvement. Here, however, it must be observed, that the two curved ribs must 
be continuous, and put together so as to resist either extension or compression, as 
iu fig. 109. For when a load is placed at D, the lower rib will be extended at d, 
and compressed at C and £ ; while the upper one will be compressed at D, and 
extended at o and e. And a weight applied at any other point would produce a 
similar effect. When the span becomes so great that two curved ribs can be 
introduced without being made smaller than is required for the firm connection of 
the parts of each rib, then framed ribs would be a vast addition to the stability of 
the bridge. Many designs bear a near resemblance to this kind of constructioii, 
such, for example, as that by Palladio (Plate INI. fig. 87 %) i but it is clear that 
such designs possess no other advantage than framed voussoirs, and they are well 
adapted for iron bridges where firm connection caimot have place without endan- 
gering the structure, in consequence of the expansion of the material. 

In timber, however, where we have nothing to fear from expansion, it is losing 
one of the greatest advantages of the material to interrupt the connection of the 
parts ; besides numerous joints should always be avoided, both on account of the 
difficulty of making them fit, so as to bring every part alike into action, and the 
difficulty of preventing decay at such joinings. 

* Gauthey, Construction des Fonts, tome ii. chap. ii. sect. 1. 

t The Southwark Bridge is described in the Supplement to the Encyclopedia Britannica, art. " Bridge,*' 
plate xliii. 

X Leoni's Palladio, plate vL 
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In some instances it is difGlotdt to form abutments, and also desirable to keep 
the roadway as low as possible ; in such cases fig. III. shews a kind of constrac* 
tion that may be used.* It is peculiarly adapted to a situation where the banks 
of the river are low, and where there is no navigation to interrupt. Where the 
width of the bridge is considerable^ a rib may rise in the middle of the width, so 
as to divide the roadway into two parts. Sometimes a double rib might be placed 
in the middle, with a footway between. But where there is much attention paid 
to architectural effect, bridges with framing to rise above the roadway will seldom 
be adopted. 

As cross ties wiU be necessary at the top, the middle parts might be covered 
with a roof to protect them ; also a continued coping, aa^ ddy might be put over 
each truss, which would improve the appearance, as well as protect the framing. 

266. — We have now noticed each of the simple combinations ; and if we have 
been successful in shewing the general principles of forming such combinations, 
the carpenter will find it easy to span any opening within the limits pointed out, 
in art. 249 of this Section. 

When the distance of the abutments, or piers, does not exceed 16 feet, a bridge 
may be constructed by simply laying beams across the opening of about 15 inches 
deep, by 8 inches in breadth, and about 2 feet apart. Edr foot bridges this kind 
of construction may be extended to 18 feet, with the same scantlings. When the 
extent of bearing for a bridge for carriages does not exceed 85 feet, the kind of 
bridge shewn by fig. 88, PkUe XVI. may be adopted* When there are more 
openings than one, any of these simple forms might be much strengthened by con- 
tinuing the beams over more than one opening, when the timber is long enough ; 
and when it is not, by scarfing the beams together at the points of support. Also, 
short pieces of timber may be placed under each beam, extending from 5 to 7 feet 
on each side of the cap of the pier, as at AA, fig. 88. The bridge of Bassano is here 
given as an example of this kind of construction. It was constructed at a place 
where the river was 180 Vicentine feet wide (194 English feet), which was divided 
into 5 equal spaces by the piers. Each pier consisted of eight piles 30 feet in 
length, and 18 inches square, placed 2 feet apart. The width of the bridge was 
26 feet.t 

The strength is sometimes further increased by trussing the railing on each 

* A similar plan was made the subject of a patent in 1796 by Mr. James Jordan, the suspending bars 
being of iron ; and sketches to shew its application to the construction of bridges and aqueducts were 
published. The idea which the inventor had of miLTriTig this construction answer for a drawbridge would 
not be practicable on a large scale. See Repertory of Arts, vol. vi. p. 220, first series. 

t Ware's PaUadio, book iii. chap. ix. 

T 2 
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side of the roadway. A foot bridge^ designed by Mr. P. Nicholson, is a very good 
model,* and is peculiarly well adapted for any situation where lightness of appear- 
ance is desirable. 

267. — ^As it has been shewn that curved ribs are preferable to other methods of 
spanning a wide opening, it will only be necessary to select two or three cas^ as 
examples. If the span is not more than 50 feet, each rib may be composed of two 
or three thicknesses of planks of a convenient length, bolted together, and the joints 
crossed ; one of three thicknesses is preferable. The ribs should rise as much 
as an attention to the form of the roadway and other circumstances will allow ; 
and they should be about from 6 to 9 feet apart, with the roadway supported by 
upright pieces in pairs, notched and bolted to the ribs. As the weight of the 
roadway presses in a vertical direction, and it may be considered as a general prin^ 
ciple, that each piece (when possible) should be placed in the same direction as the 
force acts in that it is intended to sustain ; therefore the reason for placing them 
upright is evident. The distance of the upright pieces should never exceed 15 
feet, and horizontal cross ties should be placed at the same points, with diagonal 
braces, to prevent the bridge from vibrating sideways when heavy loads are moving 
over it. Diagonal pieces should also be inserted between the road timbers, as 
lateral motion should as far as possible be prevented. 

268. — In larger spans, that is, in spans exceeding 50 feet, there will be difficulty 
in obtaining timber deep enough for the ribs ; therefore they should be built the 
contrary way, and bent to the required curve, so as to increase the depth. The 
beams forming the ribs should be scarfed at the joinings ; the form of the scarf 
should be such as would resist either pressure or tension (see Sect. IX. art. 295), 
and the scarfs should be kept as distant from one another as possible. The number 
of thicknesses in each rib must depend on the size required for the span, and the 
dimensions of the timber that can be procured ; and the whole should be well 
bolted together. The supports of the roadway and diagonal braces to be placed 
as described in the last article. 

Fig. 112, Flate XIX. represents a bridge designed for a 200 feet span : fig. 113 
is a section across at CD to a larger scale. This bridge is sustained by four ribs, 
each rib 18 inches thick, and 4 feet deep ; the ribs to be two thicknesses in width, 
and either three or four in depth, according to the size of the timber ; the lengths 
of timber should be disposed so as to cross the joints as much as possible, and the 
joints should be scarfed. One of the most simple scarfs will be the best adapted 

* Nicholson's Architectural Dictionary, plate i. of Wooden Bridges. See also " Bridges," four vols, in 
three, octavo. 
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for that purpose. The pieces composing a rib must be well bolted together, 
and keys in the joints would be a further means of preventing any sliding of the 
parts. 

The vertical pieces which support the roadway are intended to be put on in 
pairs, notched to the ribs, and bolted together, and not more than 18 feet apart. 
And at each pair a double tie is intended to cross both the back and the under 
side of the ribs, notched on to the ribs, and bolted to the vertical pieces. 

Between the timbers which carry the joists of the roadway diagonal braces 
should be framed so as to secure the bridge from lateral motion. A series of 
braces for the same purpose might be framed over the back of the ribs : but one of 
these methods, if well executed, will be sufficient. 

The bridge is intended for a gravel or paved roadway, and is calculated to sus- 
tain two loaded waggons at its weakest point without injury. 

This kind of bridge is adapted to any span that is usual in bridge building ; 
the ribs should not be more than 8 feet apart, and their dimensions may be easily 
calculated for any span by the help of art. 274 and 275 of this section, and art. 128 
of Sect. II. 

As the beams are intended to be bent to the form of the rib, it will be prudent 
to ascertain whether such a degree of curvature may be given to the beams without 
impairing their elastic force. The curvature to be given to the beams will be 
sensibly uniform, and the degree of uniform curvature which may be given to a 
beam is inversely as its depth, or the radius of curvature will be directly as the 
depth. But it has been shewn by Dr. Young, that the deflexion of a beam 
uniformly curved is to that of one bent, by a load placed in the middle of its 
length, as 3 is to 2;* and as Mr. Barlow has determined the degree a beam will 
bend without destroying its elasticity by experiment, t on these data a rule for the 
depth of the beams for a curved rib may be established. 

Let X be the deflexion found by experiment upon a beam, of which half the 

length is y ; then — will be the deflexion corresponding to an uniform curvature ; 
and -~— = the radius of curvature ; the deflection being small when compared 

with the length. 

If the depth of the beam employed for the experiment be d, and R the radius 

of curvature of the bridge, we have -^ : R : : d — t— = the depth of the 
beams which may be employed for the curved ribs. 

* Lectures on Natural Philosophy, vol. ii. art. 325. t Essay on the Strength of Timber, tables, p. 180. 
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Henoe, from Mr. Barlow's experiments, we have 

For English oak, '06 R = the depth of the beam in inches. 
Tor Riga fibr, ... -OSS R = the depth of the beam in inches. 
For larch, -077 R = the depth of the beam in inches. 

Mr. Wiebeking has made some experiments on bending beams on a very large 
scale, which tend to prove the correctness of the method above used in finding the 
depth. He observed, that when several pieces were placed one upon another they 
wonld curve much more without fracture than a single piece would do.* 

The radius of curvature of the Bridge of Bamberg was 422 feet, and 422 X 
•035 = 14-77 inches. The depths of the beams employed were from 13'6 to 15-5 
(see Table, art. 238) ; the depth given by our rule is nearly a mean between those 
that were used. 

269. — If the span be greater than 260 feet, instead of single curved ribs it 
would be an advantage to make frames each consisting of two curved ribs, with 
radial pieces, and crosses between, as shewn in fig. 114, Plate XIX. The ribs 
should be formed as described in the last article. The radial pieces should be 
notched on to the ribs, in pairs, and bolted together ; the diagonal pieces, or 
crosses, halved togethw in the middle, and made to abut end to end between the 
radial pieces. See fig. 115 and 116. Mg. 115 shews a plan of the framing, and 
fig. 116 a section across at the middle. 

At AB. fig. 114, horizontal ties are notched and bolted to the vertical supports, 
so as to brace them in both directions ; and a series of diagonal braces might be 
applied upon the horizontal cross ties, which would be very effectual in stiffening 
the bridge against lateral motion. The braces shewn by dotted lines in fig. 116 
need be applied only at 4 or 6 places in the whole length of the bridge. The 
roadway to be formed and supported as in the preceding examples. 

270. — The rise of the curve should never be less than that determined by the 

equation ■ = r = the rise of the curve, of which 8 is half the span, and 

h is the height of a column of matter which would produce the same pressure upon 
its base as the greatest pressure that ought to be transmitted through the framing.f 
In large arches the ratio of the weight of the supporting frame will be to that of 
the part supported in general nearly as 1 to 6, and in small spans, as 1 to 10 ; 
whence the reduced value of h will be, for timber, about from 430 feet to 270 feet. 

* Traits contenant une Partie Essentielle, &c. p. 123. 

t Let a be the area of the frame, and y the weight which this area might bear with safety ; also let » 
be the weight of a foot in length resting on the frame, of which the area is a, therefore 9 n = the weight of 
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The following table shews the least rise corresponding to each span, which will be 
more convenient for use than the one given in art. 249. 



TABLE OP THE LEAST BISE POE DIFPEBENT SPANS. 



Spu in feet. 


LeitfciiMinfeet 


SfninfM^ 


IjBtBt riM in feet. 


Spwinfeet. 


Lesit rlie in fett. 


1 

30 


0-5 


120 


7 


280 


24 


40 


0-8 


140 


8 


300 


28 


60 


1-4 


160 


10 


320 


82 


60 


2 


180 


11 


850 


89 


70 


2i 


200 


12 


380 


47 


80 


8 


220 


14 


400 


53 


90 


4 


240 


17 






100 


5 


260 


20 







It must be remembered, that a small rise should be avoided, if possible, 
because it requires a much greater quantity of timber to make the bridge equally 
strong. 

271. — The proper curve of equilibrium may be found by the principles laid 
down in Sect. I. art. 56 to art. 61. But in general it wiU differ very little from 
the common parabola^ which is easily described. (See Sect. lY. art. 171.) 

Wooden bridges, however well they may be executed, will always settle a little 
immediately after construction, and this will increase in a small degree with time. 
Mr. Wiebeking has made some observations on this subject, and has found that 

jam 

the settlement in the middle may be expressed in inches by '806 — where r is the 
rise in feet, and 8 the whole of the span in feet.* 



the semi-arcli. In a wooden bridge the load is bo nearly uniform, that the curve of equihbrium may always 

————— 8 ti a/4 T^ -+■ n 

be oomsidered a parabola, therefore we have 2 r : v^4 r^ + ^ : : « » : = the prestcire atthe 



abutment in the direction of the frame ; which should be=y. Whence we obtaui, f*= 
and when — = A, r = 



. This is the equation used in calculating the table. 



* Traite contenant une Partie Easentielle, &c, p. 125. 
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OF THE ROADWAY. 

272. — The roadways of bridges are constructed in various ways ; but the most 
usual one is to pave upon gravel : sometimes gravel only is used, and some prefer 
planking only. 

The planking in small bridges is often laid immediately upon the principal 
beams, which in such cases are placed about two feet apart, as in fig. 99, Plate 
XYII. ; but it is better in respect to durability to lay cross joisting for supporting 
the planking ; these joists should be about two feet apart, and the planking laid 
upon them, which may be from 3 to 4 inches thick. The cross joints admit the 
air to circulate more freely round the principal timbers, and therefore render them 
more durable. Fig. 113 and 116, Plate XIX. shew the latter of these modes of 
construction. 

Where bridges are intended for wheel carriages there should be a separate 
footpath, which may be paved with flag-stones. Poot-paths are made from 2 feet 
to 6 feet wide, according to the number of the passengers. The carriage-way may 
be paved upon a bed of gravel of about 12 inches in depth ; the paving to rise in 
a curve across the road. The gravel should contain a considerable portion of 
tempered clay, so as to bind it firmly together ; but if there be too much clay, it 
wiU shrink and crack in drying. Belidor states, that paved bridges are the most 
durable.* 

If the roadway should be covered only with gravel or broken stone, it should 
be from 12 to 18 inches deep in the middle, and from 9 to 14 inches deep at the 
sides, according to the traffic over the bridge. Whether the roadway be paved 
or gravelled, means of conveying oflf the water should be provided. 

As the moisture which passes the gravel or broken stone soon rots the 
planking, it is supposed to be better to lay an additional thickness of planking, 
and no gravel or paving. In that case the upper planking should lay across the 
bridge to prevent the feet of horses sliding. It would be easy to renew such a 
roadway ; but we do not see any other advantage it possesses. 

Parapets or balustrades are made from 3*5 feet to 6 feet in height above the 
footpath ; 4 feet is enough for protection. The railing is stayed by braces on the 
outside. Iron railing is sometimes used. 



* Science des Ingenieurs, p. 364, edit. 1814. 
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The railing should, howerer, partake of the character of the surrotmding 
scenery. In towns, upright or diagonal bars and other ornamental railing may 
be used ; but in all cases where trees and cottages form the most striking features 
of the surrounding landscape, simple horizontal rails with posts are preferable* 
Nothing is more formal and stiff than ornamental or upright raQing, and nothing 
more picturesque than the simple continuous lines of horizontal rails. 

Wooden bridges have been often covered with a roof. The bridges of Schaff- 
hausen, Wettingen, Eandel, Mellingen, and various others, were roofed ; but as 
the roof does not appear to be of much service in protecting the bridge, it has been 
latterly generally omitted. The planking of the roadway might be protected 
very much by a coat of pitch, tar, and sand, or asphaltum. (See Sect. X. art. 
354.) A composition of this kind was used for covering the planking under the 
roadway of the iron bridge, over the Wear, at Sunderland. 



ON DETEBMIKING THE SCANTLINGS OF THE TDiBEBiS FOE BRIDGES. 

273. — The greatest load likely to rest upon a bridge at one time would be 
that produced by its being covered with people. It should be such that the 
crowded procession may move along in perfect safety ; and it is easily proved that 
this is about the greatest load a bridge can possibly have to sustain, as well as 
that which creates the most appalling horror in the case of MLure. Such a load is 
about 120 lbs. per foot, and, together with the weight of the framing and gravelled 
roadway, would be about 800 pounds on a superficial foot, or 0*14 of a ton. And 
as this load may be supposed to be uniformly diffused over the bridge, half the 
load upon it will be expressed in tons by 0*14 to X s, where s = half the span, 
and to is equal the width of the bridge. 

If the bridge be only planked without gravel, as a foot bridge, the greatest 
probable load will be expressed in tons by 0*09 w X s. 

Now as the load is sensibly uniform, the curve of equilibriom will be a com- 
mon parabola ; and when the rib is of this form, any uniform load would have no 
tendency to produce any derangement or other strain in the rib than that which is 
propagated in the direction of the curve. Therefore the first object must be to 
determine the size of the ribs, so that they may be capable of resisting this pres- 
sure without being more compressed than is consistent with the stability of the 
structure. 

Biga timber suffers a compression in the direction of its length of about one 
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fifteen hundredth paxt of its length under a load of 64 tona upon a square foot ; 
and oak bears about the same load with the same degree of compression. Under 
such a pressure the curved rib of a bridge 200 feet in length would shorten rather 
more than 1*6 inches : and as it is a material that soon decays, this wiU not ap- 
pear too low an estimate of its strength. 

The pressure in a bridge increases towards the abutment ; but it is advisable 
to increase the depth of the rib at the abutment ; therefore we may estimate the 
pressure at the crowui which simplifies the operation. 

The pressure in the direction of the rib at the crown is the same as the horir 
zontal thrust, and may be determined by art. diO> Sect. I. ; but it is mc^re con- 
venient for the present purpose to express it in a different manner. 

If or be the rise, and s the half span ; then by the resolution of forces, 2 x: s:: 
weight : pressure in the direction of the curre at the vertra: or crown. 

Therefore = the pressure in bridges with gravelled roadways. (A.) 

And ^ = the pressure in bridges without gravel or paving. (B.) 

If ft = the breadth of each rib, and d = the depth of each rib, also n = the 
number of ribs : th^i Q4i n X b X d — pressure, when the ribs are sufficiently 
strong. 

Hence from equation (A) we have — ^'^^ ^ ^ ^ — = J x d. (C.) 
And from equation (B) we have 009 «» x t' - j x rf. (D.) 

2 X u4! X d' X M 

Prom these equations we derive the following practical rales : 

274. — EuLS for bridges that are gravelled. Multiply the width of the bridge 
by the square of half the span, both in feet ; and divide this product by the rise 
in feet, multiplied by the number of ribs ; the quotient multiplied by the decimal 
0*0011, will give the area of each rib in feet. 

275 — EuL£ for bridges where the roadway is only planked. This rule is the 
same, except multiplying by the decimal 00007 instead of 0-OOlL 

JSxcmple. Let it be required to determine the area of the ribs for a bridge of 200 
feet span, to rise 15 feet, and be 30 feet wide, with 3 curved ribs. Then the half 

of the span is 100, and Its square is 10000; and ^^'^ ^^ X 0K)011 = ^^^^^^ 



8 X 16 45 

X 0K)011 = 7'33 feet nearly, for the area of each rib. Such a rib may be formed 
by making it three pieces in depth and two in thickness, similar to those of the 
bridge near Bamberg, Plate XYI. Jig. 96; or to the design, fig. 112, Plate XIX. 
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276. — Having now given an easy rule for determining the area of the rib, so 
that it may resist the greatest pressure that can occur from an uniform load, we 
must next inquire whether the strength so determined will be sufficient to resist 
the greatest load that can be applied at one point. 

The bridge is supposed to be in a state of equilibrium when acted on by its 
constant load only ; and the greatest strain that can arise from a load collected 
at one point will take place when that load is applied at one-third of the span 
from the abutment. But a load so applied must strain the bridge at three points, 
as has been already stated (art. 128) ; and the greatest load likely to be upon one 
point at a time, will never exceed 60,000 pounds, and in narrow bridges it should 
not be considered more than 20,000 pounds. 

277. — Let the load be considered to act at "Syfig. 108, Plate XVIII. ; then the 
strained points will be at E, G, and H. If the effect of the coimection at E be 
omitted, the scantling that would sustain any given load at one point may be 
determined by art. 128, Sect. II. where an example is given. The other parts of 
the bridge, such as the joists and other horizontal timbers, will be easily deter- 
mined by the rules already given, when the weight to be supported by them is 
known, and which will of course always be given by the nature of the construction. 

In large bridges the depth of rib necessary to secure stability will be always 
greater than that which would be sufficient to resist the pressure of the uniform 
load; for by referring to art. 128, Sect. II., it will be found that the area of 
each rib should be 8*83 feet, when there are 3 ribs for a 200 feet span ; but we 
have seen in art. 275, that an area of 7*333 feet is sufficient to resist the pressure 
of the uniform load. 

If the amounts of the loads upon a bridge be varied from those above assumed, 
it will be easy to change them in the rules according to the particular circum- 
stances of the case ; it need scarcely be added that the loads should be the greatest 
probable. 
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SECTION IX. 

3AB,PING, JOINTS, STRAPS, AND SHOES. 

ts having to support whatever strains the pieces joined are 
1)6 formed in such a manner that the bearing parts may have 
le quantity of surface ; provided that surface be made of the 
ng the strains. 

part of the joint which receives the strain be narrow and thin, 
lier indent itself into the pieces to which it is joined, or become 
An. : and whichever of these happens, a change must be pro- 
f the framing. 

< shrinkage and expansion of timber should also be considered 
I of joints. On account of the shrinkage of timber, dovetail 
be used in carpentry, as the smallest degree of shrinking allows 
out of its place ; and, consequently, it loses all its effect in 

their proper situation. Dovetail joints can only be used with 
shrinkage of the parts counteract each other ; a case which 
sarpentry, but is common in joinery and cabinet-making, 
io be formed so that the contraction or expansion may not have 
my part of the firaming. The force of contraction or expansion 
ing astonishing effects where the pieces are confined, and may 
'ei in framing which has been wedged too tightly together in 
The powerful effect of expanding timber is well known to 
f sometimes employ its force to break up large stones, 
g joints, the object to be attained should always be kept in 

is excellent for one purpose may be the worst possible for 
[deration then must guide us in the division of this Section, 
lered under the foUowing heads : 
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First, Of lengthening pieces strained in the direction of their length. 

Secondly, Of lengthening pieces exposed to cross strains ; and building beams. 

Thirdly, Of lengthening beams having to resist compression. 

Fourthly, Of joints for framing. 

Fifthly, Of joints for ties and braces ; and 

Sixthly, Different methods of connecting the parts of joints. 



I.— or LEKGTHENINO PIECES OF TIMBER WHICH ABB TO BESIST STRAINS 

IN THE DIRECTION OF THEIR LENGTHS. 

280.^The simplest, and perhaps the best, method of lengthening a beam is to 
abut the ends together, and to place a piece on each side ; these, when firmly 
bolted together, form a strong and simple connection. Such a method of 
lengthening a tie is shewn hjfig. 120, Plate XX. ; and is what ship-carpenters 
Q»X\, fishing a beam. It is obvious, however, that the strength in tbis case depends 
on the bolts, and the lateral adhesion and Motion produced by screwing the parts 
tightly together. 

The dependence on the bolts may be much lessened by indenting the parts 
together, as shewn by the upper side of fig. 121 ; or by putting keys in the joint, 
as shewn by the lower side of same figure ; but the strength of the beam will be 
lessened in proportion to the depth of the indents. 

The only reasons for not depending wholly on bolts are, that should the parts 
shrink ever so little, the bolts lose a great part of their effect : and the smallness 
of the bolts renders them liable to press into the timber, and thus to suffer the 
joint to yield. 

The sum of the areas of the bolts should never be less than two-tenths of the 
area of the section of the beam ; and it is not a good practice to put bolts near to 
the ends of the pieces. 

281. — ^The most usual method of joining beams is that called scarfing^ where 
the two pieces are joined so as to preserve the same breadth and depth throughout : 
and wherever neatness is preferable to strength, this method should be adopted. 

'Evomfig. 122 to fig. 129 various methods of scarfing are shewn. The first 
{fig. 122) is the most simple ; it depends wholly on the bolts, and in this and like 
cases, it is best to put a continued plate of iron on each side for the heads of the 
bolts. The ends of the plates may be bent and let into the beams. 

2S2. — Fig. 123 is another very common, but not so good a combination, as the 
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bolts do not press the surfaces in a perpendicular direction ; and an ohlique pres- 
sure, such as will haye place in this example, must have some tendency to separate 
the joint, without any advantage in other respects. 

283. — Fig. 124 is a joint that would do without bolts, but it is dear that the 
strength would not be quite so great as half the strength of an entire piece ; the 
key, or double wedge, at a, should only be driven so as to bring the parts to their 
proper bearing, as it would be better to omit it, than to drive it so as to produce 
much constant strain on the joint. It is not necessary that there should be a key, 
except when bolts are to be added, and then it is desirable to bring the joints to a 
bearing before the bolts be put in. The addition of bolts and straps makes this an 
excellent scarf. 

284. — Fig. 125 is a slight modification of the last described scarf, where the 
keys are supposed to be of hard wood ; if of a curled grain, so much the better. 
In this form the scarf is easier to execute, and equally as good as the last, when 
bolts are used. 

285. — Fig. 126 represents a very common form, and a very good one, but it 
appears to be inferior to the two preceding ones {fig. 124 and 125) ; and it is mudi 
more difficult to make a sound joint of this form. 

When bolts are added, and they are always necessary in pieces exposed to 
considerable strains, the scarf represented hjfig. 127 is a very good and strong 
form for a scarf. 

Fig. 128 differs from the last only in having keys instead of being tabled 
together. 

286. — Fig. 129 represents a scarf where the oblique joints in the last examples 
are avoided, and the same degree of strength is obtained ; at the same time it is 
very simple and easy to execute. 

287. — To determine the length of a scarf, in joining beams, it is necessary to 
know the force that wUl cause the fibres of timber to slide upon each other. The 
researches which have been made on this subject have already been laid before the 
reader in Sect. II. art. 115 and 116. To apply them to our present object, let AB 
fig. 130, Plate XXI., be part of a scarfed beam, strained in the direction of its 
length, and put together without bolts. Now it is plain that the strength of the 
part c b must be exactly equal to the force that would cause the fibres to slide at 
the dotted line c d ; for, if the part c d were shorter, the joint would not be so 
strong as it is possible to make it Also, if the depth of the indent a e be too 
small, it would be crushed by the strain ; consequently the parts must have a 
certain proportion, so that the joint may be equally strong in each part. 

288. — In the first degrees of extension and compression the resistance is equal. 
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therefore the depth of the indent a c must be equal to the part cb,ia order that 
the strain may be equal ; and it is evident, that when there is only one indent, as 
in this example, the depth a c should be one-third of the whole depth. Also, let 

d be the depth of the beam, and m the number of indents ; then = the depth 

of eadi indent. Or the sum of the depths of the indents must be equal to one- 
third of the depth of the beam. 

289. — To determine the length of the part c c2, we must know the ratio between 
the force to resist sliding and the direct cohesion of the noiaterial. Let that ratio 
be as 1 : f^ ; then c d must be equal n times c h ; that is, in oak, ash, or elm, c d 
must be equal to from 8 to 10 times c h. 

In fir, and other straight-grained woods, c d must be equal to from 16 to 20 
times c b. 

290. — Hence noiay be deriyed some maxims that will be sufficiently accurate for 
practical purposes. 

1. — In oak, ash, or elm, the whole length of the scarf should be six times the 
depth or thickness of the beam, when there are no bolts, 

2. — In fir the whole length of the scarf should be about twelve times the 
thickness of the beam, when there are no bolts. 

3. — In oak, ash, or elm, the whole length of a scarf depending on bolts only, 
should be about three times the breadth of the beam ; and for fir beams it should 
be six times the breadth. 

4u — ^When both bolts and indents are combined, the whole length of the scarf 
for oak and hard woods may be twice the depth ; and for fir, or soft woods, four 
times the depth. 



II. — OF IiSNGTHBNINS BEAKS INTENBBD TO KBSIST CROSS STRAINS, AND 

BUIIiBINe BEAMS. 

291. — Beams to resist cross strains require to be lengthened more frequently 
than any others : and from the nature of the strain, a different form must be 
adopted for the scarf from that which is best for a strain in the direction of the 
length. There are cases where beams are exposed to both strains at the same 
time, but the cross strain is generally that of the most impcnrtanee. Of this we 
hare sm example in the tie-beam of a roof, where the strain m the direction of the 
length is very small compared with the cross strain. 

Let CD, fig. 131, Plate XXI. represent a beam strained by a load at E, and 
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supported at the ends. All the parts above the middle of the depth, b c, will be 
compressed, all below will be extended : therefore the square abutment a ^ is better 
for the upper side than any complicated joint whateyer : and it is evident, that all 
oblique joints should be avoided on the compressed side. In this figure the whole 
of the strength of the lower side depends on the bolts and strap. 

292. — Mg. 132 shews another form, where the lower or extended side is indented 
so as not to depend wholly on the strap and bolts ; and a key is introduced to 
tighten the scarf. It will readily appear, that had the joint been cut to the dotted 
line instead of the oblique line, the strength would have been much impaired. 

Fig. 133 is another form with some sUght alterations. 

293. — Fig. 134 represents an angular view of a scarf where it is jointed the 
contrary way. An iron plate ht abc dis supposed to be removed, which shews the 
tongue at e. This method appears to employ more of the strength of the timber 
than any other, and is very well adapted for a tie-beam where it is strained both 
across and in the direction of its length. 

In all these cases the depth of the indents, and the l6ngth of the scarf, will be 
obtained by the same rules as for beams strained in the direction of their length. 
See art. 288 to 290. 

In scarfing beams to bear a cross strain, it would be a great advantage to apply 
hoops or straps instead of bolts, as the coachmakers and ship carpenters do. It 
would be easy to form the scarf so that hoops might be driven on perfectly tight. 

There is no part of carpentry which requires greater correctness in workmanship 
than scarfing ; as all the indents should bear equally, otherwise the greater part of 
the strength wUl be lost. Hence we see how very unfit some of the complicated 
forms shewn in the old works on carpentry were for the purpose. It is certainly 
very absurd to render the parts difficult to be fitted, when the whole of the strength 
depends on their fitting well. " But many," says Professor B/obison, " seem to 
aim at making the beam stronger than if it were of one piece ; and this incon- 
siderate project has given rise to many whimsical modes of tabling and scarfing."* 



BUILDING BEAMS. 



294. — ^The manner of building beams has already been considered in Sect. III. 
art. 143 to 146 ; but it may not be superfluous to remark here, that the position of 
the indents is not a matter of indifference. If two plain pieces were laid upon one 

* Art. " Gaipentiyy" Supplement to the Encyclopsedia Britannica. 
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another, and supported at the ends, the pressure of a weight applied in the middle 
would cause them to bend, and the touching surfieu^es would sUde against one 
another ; the upper piece sliding towards each end upon the lower one. This 
sliding is effectually prevented by indenting the surfaces, as is shewn in Jig. 136, 
Plate XXI. when the pieces are bolted together ; but if the same indents be 
reversed, as in fig. 186, they produce scarcely any effect, and nearly the whole 
strain is upon the bolts. 

Wherever the principal strain on the beam may happen to be, to that point, as 
At C, fig. 135, the indents should direct the square abutments ; that is, towards 
the straining force. When the beam is uniformly loaded, the greatest strain is at 
the middle. 

We have often seen, in drawings, all the indents put the same way, and some- 
times as in fig. 136 ; otherwise the preceding remarks would have appeared to 
have been unnecessary. 

If the depth of the indents be too small in a built beam, they will not be 
capable of resisting the pressure ; and if they be made too deep, the number of 
fibres will be diminished, and consequently the strength of the beam ; therefore 
there is a depth for the indents, by which a maximum of strength will be gained. 
Duhamel undertook to ascertain the proper depth by experiments;* and the 
general rule we have given in art. 145, Sect. III. agrees extremely near with the 
case he tried. 



ni. — OF LENGTHENING BEAMS THAT ABE INTENDED TO BESIST 

COMPBESSING POBCES. 

296. — When a post or strut is required to be longer than timber can be pro- 
cured, as sometimes may occur in the construction of wooden towers, spires, wooden 
bridges, or centres, the same form of joint or scarf is applicable as when the piece 
is pulled in the direction of its length, with this difference, that there must not be 
any inclined or oblique parts in the scarf. 

Fig. 122, 124, 125, 129, 130, and 134, of Plate XX. and XXI. will answer 
equally well for posts or ties, only it would be better to tongue the ends, as at e, 

fig. 134. 

In^^. 120 apiece on each of the four sides will be nfecessary, unless some 
other mode of strengthening it should form a part of the framing to which it is to 

* Transport des Bois, p. 498. 
A A 
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be applied. It is not a very neat method of piecing a stmt, but is one that is very 
convenient, especiaDy in temporary structures, such as centres, where it may 
generally be braced in one direction, and where- a more laboured form of joining 
would be much out of place. 



IV. — OP JOINTS POK FRAMING. 

296. — Of Jomts for hearing purposes. The joint of a binding joist into a 
girder is an example of this kind of joint. The greatest strains upon the fibres of 
a girder are at the upper and lower surfaces, and the strain gradually decreases 
towards the middle of the depth, where it becomes insensible ; hence the most 
suitable place for a mortise is at the middle of the depth. 

The upper side being compressed, it is imagined by some writers that the tenon 
might be made to fit so tightly that the strength of the girder would not be 
impaired by it : but this is a mistake ; for any one who knows any thing of the 
practice of carpentry, knows that it cannot be done in an effectual manner : besides, 
the shrinkage of the joist would soon render it loose, however tightly it might be 
fitted in the first instance. 

Considering then that the best place for a mortise in a girder, or other beam in 
a like position, is at the middle of its depth, the next point is to consider the best 
place and form for the tenon. 

If the tenon be near the lower side, it will evidently have the advantage of 
employing most of the strength of the joists ; but this, on account of the strength 
of the girder, cannot be adopted ; therefore the form in general use represented in 
Plate IV. fig. 46, appears to combine all the advantages required. The tenon 
being one-sixth of the depth, and placed at one-third of the depth from the lower 
side. 

297- — Binding joists, or any other beams in a like position, should never be 
mdde with double tenons ; for, as Mr» Price has judiciously remarked, it weakens 
the timber framed into it, and both tenons seldom bear alike : besides, in pinning, 
it rarely happeos that there is a draft on both tenons, unless the pin be as tough 
as wira,* 

All horizontal timbers for bearing purposes should be notched upon the 
supports rather than framed between, whenever it can be done, as much additional 
strength is gained by preserving timbers in continued lengths. The same observa- 
tion applies to inclined timbers, such as common rafters. See Sect. II. art. 95. 

* Biiti&h Carpentry, Introduction. 
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298. — Of the Joints of Framing. The object to be obtained by a system of 
framing, is to reduce all the pressures into the directions of the lengths of the 
pieces composing the frame ; therefore the form of the joint should be made so as 
to direct the pressures into the axes of the pieces. As when the direction of the 
strain does not coincide with the axis of the piece strained^ the strain will be much 
increased. Now, from the form of the joiats commonly employed, it must 
generally happen, that by shrinkage, or settlement, the joints will bear only upon 
the angular points of the joint ; which not only gives a considerable leverage to 
the straining force, but also, by the whole bearing being upon an angle, that 
angular point must be either indented or crippled by the strain, which of course 
causes a further settlement. The extent of the evil of partial bearings becomes 
very manifest when the strains are considerable. In the centres of the Bridge of 
Neuilly seven or eight pieces in each frame were split from end to end, and many 
others bent considerably ; and in these centres the joints were not very oblique, 
otherwise the effects would have been more serious. Perronet was sensible of the 
cause, and in order to correct it, he formed the abutments according to an arc of a 
circle, of which the other extremity of the piece was the centre. 

This method was adopted for the joints of the centre for the bridge of Sainte 
Maxence, and also in that for the bridge de la Concorde, at Paris ; and it was 
effectual in preventing the splitting and bending of the pieces.* The principle, 
however, was not new, as it had been recommended by Serlio for the joints of 
stone columns, t 

Circular abutments have been strongly recommended by Professor Bobison,} 
and they certainly might be employed with much advantage. The principle is 
similar to the well-known contrivance called the ball and socket ; and to the joints 
of animals, where, with considerable latitude of motion, uniformity of pressure is 
preserved. That they require more labour, I am well aware ; but were the labour 
doubled, it would be comparatively a trifling object in a framing of importance ; 
and for any other purpose it is not recommended. 

It is obvious, that when the one end of the piece moves, a corresponding move- 
ment will take place at the joint ; and when the radius of curvature at the joint is 
small, as it is in the joints of animals, the motion of the joint wUl scarcely be 
perceptible. For in a roof of a 30-feet span a sinking of siz inches in the middle 
would not cause the joints to slide more than one-tenth of an inoh. 

* Gauthey, Gonstruddon des Fonts, tome ii. p. 5 et 6. 
t Serlio's Architecture, lib. i. p. 13, Paris, 1545. 

X In the Encyclopaedia Britannica, art. " Carpentry," Supplement, p. 641 ; and Fariiamentary Report on 
the Improvement of the Fort of London. 

▲ ▲2 
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)'w proceed to notice some of the joints of most common 
out the advantages to he obtained hy altering the forma of 

perpendicular to another, as for example, a post upon a sill, 
1 as the most easy method, is to make the joint square^ with 
one- fourth of the thickness of the framing, to retain it in its 

not very accurately cut, the whole load will bear upon the 
sequently, the centoe of pressure will seldom coincide with 
id its power to resist pressure will be much lessened. See 

ig the joint square, it were cut to form an angle, as is shewn 
y little care in cutting the joint would make the centre of 
the axis. 

joint be square or angular, a slight inclination from the 
>w the pressure upon one comer; but if the joint be described 
n the axis, ami with a radius not much greater than half the 
is shewn in. Jig. 138 ; then, with any change of position, the 
e pressure is uniform upon the joint ; and if the joint be 
, the pressure will not act with any sensible leverage upon 

ieces to be joined are not at right angles to one another, the 
dnds ; the principal rafter of a roof affords an example of 
ng to shew the nature of these joints, it is necessary to state, 
le strains, as well as their mi^nitude, as determined by the 
n Sect. I., remain sensibly the same, whatever may be the 
joints, except in as &r as the form of the joint alters the 
bich may in some cases cause the pressure to act with a 

half the depth of the beam. The strength of the joint 
J form, as it may be so made that there will be a tendency 

1 be well to avoid without having recourse to straps. 

3 joint is always most effectual when the abutment is perpen- 

but where the angle formed by the inner sides of the pieces 

d of abutment cannot be obtained, at least not without 

Luch. 

be the joint of a principal rafter upon the tie-beam ; where 

iws the direction of the straining force, and Ba is one of the 

aw a c perpendicular to Ba ; then, by the principles of the 
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resolution offerees (Sect. I. art. 28), c a will represent the force pressing on the 
indined part Ba of the joint, and there will remain a force represented hy Ba to 
he sustained hy the abutment "Bd. And as this abutment will resist the force most 
effectually when it is perpendicular to it, therefore Bd should always be perpen- 
dicular to Ba : the same will be true in whatever direction the straining force acts. 

Mg. 139 shews one of the most common joints : Ba and Bd are the abutting 
surfaces, which are to be perpendicular to each other ; and b e shews the tenon, 
the thickness of which may be about one-fifth of that of the framing. This joint 
might always take better hold of the tie-beam than it is generally made to do, 
without any risk of weakening it. In general, Bd should somewhat exceed half 
the depth of the rafter, and the joint should be left a little open at a, in order that 
it may not be thrown off at B, by the settling of the roof. 

301. — Fig. 140 is a form which is approved by some writers ; but by others it 
is considered inferior to the one already described. The dotted line shews the form 
of the tenon ; but it would be better put together in the same manner as the joint 
to be described in the next article. 

802. — Fig. 141 is a very good form for a joint, as d (2 is perpendicular to the 
strain, considering the strain to be in the direction of the rafter, which is near 
enough to the truth for our present purpose. The best method of forming this 
joint is shewn by the projected sketches A and B ; as by this method it is easy to 
see when they are accurately fitted ; whereas in a mortise-and-tenon joint this 
cannot be done, and they are often very imperfectly fitted, because it is easy to 
conceal any defect.* 

303. — Fig. 142 shews a joint with a curved abutment ; the line BA represents 
the direction of the strain ; and c the centre, which should be in this line. The 
radius for describing the joint should be greater than half the depth of the rafter ; 
and the part between a and b of the joint should be left open to admit of any 
degree of settlement that may take place. The projected sketches, G and D, shew 
the manner of forming the joint. 

Sometimes double abutments are used in joints, but it requires both great 
accuracy in workmanship, and also that the roof should not settle more or less than 
the workman allows for, in order to make both abutments bear equally ; for which 
reason one good abutment appears preferable to two. Professor B/obison very, 
justly remarks, that " because great logs are moved with difficulty it is very 
troublesome to try the joints frequently to see how the parts fit ; therefore we 
must expect less accuracy in the interior parts. This should make us prefer those 

* Joints of this kind are described by Ware, in his " Complete Body of Architecture," Plate 16,^. 3. 
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joints whose efficacy depends chiefly on the visible joint."* But to make double 
abutments still further increases the difficulty, without adding any thing to the 
security of the joint. 

804. — The joint at the upper end of the principal rafter differs from that of the 
lower end in some respects ; but the difference is not material in respect to the 
principle of forming the joint. Making the king post larger at the head enables 
us to get a more effectual abutment ; and this abutment should be, in oommon 
joints, square to the back of the rafter, as at A, in fig. 145, Flate XXII., with a 
short tenon, shewn by the dotted lines. When the head of the post is not suffi- 
ciently large to get the abutment square to the back of the rafter, it is usual to cut 
it as at B. In either case the joint should be left a little open at a ; so that when 
the roof settles it may not bear upon the acute angle. 

The same remarks will apply to all similar joints ; such, for example, are the 
joints between the braces or struts and king post at C and D, fig. 146. 

But the joints D and B would be better formed in the manner shewn at A and 
B, fig. 146, where a d is at right angles to b c. The reason for this form is given 
in a preceding article (art. 302). The joints may be made as shewn by the pro- 
jected sketches £ and F. 

306. — ^A joint with a curved abutment is shewn by j^^^. 147 : BC represents the 
middle of the depth of the rafter, and c the centre from which the curve is described ; 
the radius Cc should not be less than half the depth of the beam, A and D are 
projected sketches of the joint. 

In Jig. 147, E shews a joint for the straining-beam of a roof, and G is a pro- 
jected sketch of the joint. As a further security, the piece F might be nailed upon 
the queen post C. The lower part of fig. 147 shews the joints for struts or braces. 

306. — Instead of the common method of framing the king or queen posts 
between the ends of rafters and the like, it is much better to make the rafters abut 
against one another, end to end ; and to notch a piece on each side, and bolt through 
these pieces. These may be called suspending pieces, because they serve to suspend 
the tie-beam. (The term post is ridiculous, because it conveys a false notion of the 
office of the piece ; but it is difficult to change a term in common use.) Fig. 148 
and 149 shew this method of joining. It has been long in use for centres, bridges, 
and roofs, as may be seen in the plates of the Bridge at Schaffhausen,t the Bridge 
of Bitter near Berne, J the roof of the Riding House at Moscow, {Plate XI.) ; and 
in some very good roofs lately executed in this country. 

* Encyclopaedia Britannica, art. " Carpentry," p. 641. 

t Plans, Elevations, and Sections of the curious Wooden Bridge at Schaffhausen. Taylor, Holbom. 

% Bondelet, TArt de B4tir, tome iv. planche 143. 
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The German carpenters, and many others, pnt a piece of lead between the 
abutting surfaces of their joints, in order to equalize the pressure. This method is 
not, however, so useful in timber- work as it is in stone-work ; a plate of cast iron 
between the abutting surfaces would perhaps be preferable. 



V. — OP JOINTS FOR TIES AND BRACES. 

307. — ^There is no part of carpentry where defective joints are attended with 
such serious inconveniences as the joints of ties, nor are there any other joints so 
often ill constructed. It is not easy to make a good tie joint, from the very nature 
of timber, and therefore many ties should not be used where it is possible to avoid 
them. It has been before stated, '* that dovetail joints should never be used in 
carpentry/' (art. 278,) and the maxim cannot be too strongly urged, wherever 
the joint is intended to hold parts together. 

For let A, fig. 143, Plate XXI. represent the angle of a building, where the 
wall-plates are joined by a dovetail joint ; the part a &, being the crossway of the 
wood, will shrink in drying ; and as the other piece is the lengthway, its shrinkage 
will be insensible ; therefore a very small degree of shrinkage will allow the joint 
to draw considerably, as is shewn by the dotted lines, and it acts with the power 
of a wedge to force out the end of the piece. A joint made as shewn inj^g-. 144 
avoids any danger of giving way from the shrinking of the timber, and is better 
than any dovetail joint whatever. 

Dovetail joint s^ or dovetail tenons, have been used in various parts of carpentry, 
such as the collar-beam of small roofs, the lower end of king and queen posts, and 
for joining-plates and the like. In all these cases they are the worst kind of joints, 
that can be used. The cwrpenter^B boMt must also be classed as a dovetail joint 
equally as defective as any.* 

308, — Fig. 160 shews a method of notching a collar beam, C, into the side of a 
rafter R, which is far superior to a dovetail joint. 

A stout pin, of tough but straight-grained oak, is an excellent addition to a tie 
joint, and is more economical than an iron bolt. The excellence of wooden pins is 
fully shewn by their extensive use in ship carpentry, as they form the chief con- 
necti(HL of ship-timbers, under the denomination of tree*nails. 

* The '^ carpenter's boast " is described bj Ni(^<^n, " Caipentry and Joinery/' 2 vols, quarto, and need 
liotbe lepeated here. 
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VI. — OP CONNECTING THE PARTS OP JOINTS. 

308 a. — ^The parts of joined pieces may be connected by wooden pins, by nails, 
by screws, or by straps. The cases where adhesive matter may be applied are few 
and unimportant, as the settlements and change of bearing of joints through 
shrinkage and deflexion renders such applications useless in carpentry ; while in 
joinery they are resorted to for almost all joints. 

308 d. — ^Wooden Pins. The connection of joints by wooden pins is an old 
and effective method, which stiU continues to be the best known for various 
purposes. The section of the pin should be at least equal to resist the strain tending 
to break it directly across, (see art. 116) ; and where pins are draw-bored for the 
purpose of drawing joints close, the flexure of the pin in the bore should be less 
than that which gives it a set curvature ; otherwise the strain on the pin wiU be 
too great. 

Tough and hard wood makes the best pins ; and lately a patent was obtained 
for compressing wood vidth a view of rendering it denser and stronger for this 
purpose. In many railways iron pins have been superseded by those of compressed 
wood in connecting the rail with the chair. 



OP CAST-IEON SHOES. 

309. — A practice has been recently introduced into the construction of roofs 
having the beams of wood, of protecting their extremities from the damp, and con- 
sequent decay to which they are liable, by resting immediately in contact with the 
brick or stone work of the walls of the building. This is effected by what the 
workmen call cast-iron shoes, which are attached to the ends of the tie-beams by 
means of bolts, nuts, &c. 

The iron shoe itself of course takes various forms, according to the circum- 
stances and situation where it is introduced, and the particular views of the 
architect who employs it. 

The plan and section given in the following page shew the form of iron shoe 
introduced into the roof over the iron foundry of the Butterley Iron- works, in 
which the tie-beam is of wood, but the other parts of iron. The shoe, as will be 
seen by the figures, has a step for the end of the cast-iron rafters, which is bolted 
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to it, and a reoess for a lai^e screw bolt, wMch passes down through 4he aid^ 
wall* ' ^ * 

In such a case as this, where, from the nature of the work carried on, every 
part is exposed to great heat and moisture, the defence afforded b j such an attach- 
ment is of great importance — ^the wood, unless thus protected, being of course very 
liable to decay in those parts where damp and moisture might accumulate. 
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309 a. — ^Another form of cast iron shoe will be seen by referring to Plate 
XXXV., Appendix. This is employed in the timber roof over the haU of Christ's 
Hospital. It is very complete in its form, and Affords an obvious and perfect pro- 
tection from the damp, and consequent decay, to which the ends of the beams 
would be liable if placed in immediate contact with the stone and brickwork of the 

B B 
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It would be useless to give a great variety of examples of this kind of 
ints, their particolar forms being hy no means a matter of import* 
7e shall content ourselves, therefore, with giving one or two other cases 
ig very simple forms of shoes. 

. — In the following diagram, A is the tie-beam ; BC the oast-iron shoe ; CD 
itrap; £F a screw bolt; and G the wall plate; a, d, projectitms on the shoe 
ice the wall plate; and c a similar projection let into the beam itself. It 
e^i that by this simple form of shoe the tie-beam is protected entirely &om 
vith the wall, and consequently &om that liability to decay which it is the 
* this contrivance to e£fect. 




0. — ^Another kind of oast-iron shoe is exhibited in the following diagram, as 
at Stamford-Btreet Chapel, Blackfriars, from the design of Mr. C. Parker, 
m is sufficiently illustrated in the figure. Its dimensions are — length 8 feet 
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2 indies, and width 6 inches : it is connected with the tie-beam by an iron strap 
2 inches wide, which passes over and secupefl the foot of the principal rafter ; and 
while it thus protects from decay that part of the beam which wouM otherwise rest 
on the bnckwork, its extension acts as a corbel, and thereby Btrenffthens the con- 
structioD of the truss. 

809 rf.— Casi^ieon Tie-beam Plate. A similar olgect is sometimes attained 
by what is caUed a tie-beam phite. At the banking-house of Messrs. Hoare, Fleet- 
street, ft plate of this kind is introdaoed. It is 7 inches wide, and 2i inches deep, 



placed under the tie-bema, forming thus a corbel, and protecting firom decay those 
portions of the timber which would otherwise rest on the wall. 

It possesses most of the advantages of the entire shoe, and is particularly appli- 
cable to the usual circumstances where wood or stone corbels are applied, being 
farmed in the depth required for the ceiling joists. It is secured to the firamiug in 
three places ; so that should any portions of the wood decay, a failure need not be 
apprehended. Thus, by a return piece of the plate let into the beuu, it is fixed at 
one end, while an inch twist screw-bolt firom the back of the rafter holds it in the 
bb2 
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middle, and by being connected wiih the strap ^fdcli "unites the principal and tie- 
beam, it cannot more from its place at the extremity. 

810.— Op Straps. "Aiskilful carpenter/' says Professor Robison, "never 
employs many straps, considering them as auxiliaries foreign to his art;'** 
and indeed they are seldom neoessary, except to suspend ihe tie-beam to the 
king post, and to secure th6 feet of the • principal rafters to the tie-beam of a 
roof. , . 

Strap for King <>r. Queen Post — ^Inj^^; 14B, s shews a strap for suspending the 
tie-beam to a king or queen post : its hold of the post may be improved by turning 
the ends, as at d? c?, in the section E : these, when well fitted, will, with the addition 
of bolts, give the strap a firm hold ; or staples, as in j^^^. 146, may be used for a slight 
roof. The strengths of straps for different bearings are stated below. When the 
longest unsupported part of the tie-beam is 

10 feet, the strap may be 1 inch wide by i^ inch thick. 

15 H i 

20 2 i 

These dimensions are quite sufficient for common purposes; but where the 
machinery of a theatre, or other heavy loads, are to be borne by the tie-beams, the 
Ji stfaps must be made stronger in proportion to the load. 

Where suspending pieces are used instead of queen posts, the same kind of 
strap will apply, as is shewn in^^. 149. 

810 a. — Strap at the foot of a principal Bafter. — ^A strap at the foot of a 
principal rafter is intended to form an abutment for it, in case the end of the tie- 
beam should fail« If the strap be put too upright it will, instead of forming an 
abutment, become quite loose when the roof settles ; and as it is intended to 
prevent the rafter-foot sliding along the tie-beam, an oblique position, as shewn 
hyfiff. 140 and 151, will be the most effectual. In large roofs, longer straps with 
more bolts will be required. Straps of the same size as are used for the king post 
will be sufficient. In bolting on straps, they ought to be drawn tight ; Mr. Price 
recommends square bolts for this purpose ; he says, *^ for this reason, if you use a 
round bolt, it must follow the augur, and cannot be helped ; but by helping the 
augur-hole, that is, by taldng off the comers of the wood, you may draw a strap 

* Encyclopsedm Britaiimc% p. 642; ^. ^' Carpentiy/VSapplenle^^^ 



§1X0 



SCABTIKa^ JOINTS, 6TBAPS, AND SHOBS. 



189 



exceedingly dose, and at the same time it embraces the grain of the wood in a 
much firmer manner than a round pin/'* 

Sometimes a bolt is used put through square from the back of the rafter, 
with cross plates at the head and nut. Fig. 139 shews this method, the dotted 
lines representing the bolt. 

310 b. — It must be remembered, that thin plates of iron decay very rapidly, 
particularly in damp situations : therefore they should be well secured against rust, 
by being painted as sopn as they are made. Mr. Smeaton, writing on this subject, 
says, " I had observed, that when iron once gets rust, so as to form a scale, what- 
ever coat of paint or varnish is put over this, the rust will go on progressively 
under the paint.'' The method he used to. prevent iron rusting, was to heat the 
whole of the iron- work to about a blue heat, and inmiediately strike it over the 
surface with raw linseed oil ; the next day, if properly done, it appears as if a coat 
of varnish had been laid op.f By this method the pores of the iron become filled, 
and effectually protected from corrosion. 

Another method, which is easily applied to small articles, consists in heating 
the metal, and rubbing it over, while hot, with wax. By this process the iron 
acquires an extremely uniform coating. 

311. — Nails. Nails are in fact pins made of iron, and the resistance they offer 
to being drawn is very considerable. 

The following abstract of Mr. Bevan's experiments exhibits the relative adhesion 
of nails of various kinds, when forced into dry Christiana deal, at right angles to 
the grain of the wood. 



Kind of nails. 



Fine spngs 

Ditto 

Tkreepemiy brads 
Cast iron nails ... 
Sixpenny nails ... 

Ditto ,.. 

Ditto... 

Fivepenny 



Number to tfaa 

pound 
atoirdnpois. 



4560 

3200 

618 

380 

73 



139 



Inches long. 



0-44 
0-63 
1-26 
100 
2-50 



200 



Inches forced 

into the 

wood. 



00 

0*44 

0-60 

0-50 

100 

1-60 

200 

1-50 



Pounds 

required to 

extract. 



22 
37 

58 
72 
187 
827 
530 
320 



* British Carpenter, p. 18. 

t Historical Account of the Construction of Eddystone Lighthouse, p. 182i 
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The force required to draw the same sized nail from diflTerent woods averaged 
as under : — 

Weight in Um. requind to dnm a rizpanny nail 
Kind of wood. dnven in one inch. 

Dry Christiana deal 187 lbs. 

Dry oak 607 — 

Dry ehn 327 — 

Drybeech 667 — 

Green sycamore 812 — 

Dry Christiana deal, driven in endways 87 — 

Dry elm, driven in endways 257 — 



It was further desirable to ascertain the degree of dependence that might be 
placed on nailing two pieces together, and Mr. Bevan kindly undertook to make 
some trials. Two pieces of Christiana deal, seven-eighths of an inch thick, were 
nailed together with two sixpenny nails ; and a longitudinal force in the plane of 
the joint, and consequently at right angles to the direction of the nails, was 
applied to cause the joint to slide ; it required a force of 712 lbs., and the time was 
15 minutes; the nails curved a little and were then drawn. 

Another experiment was made in the same manner with dry oak, an inch 
thick, in which the force required was 1009 lbs. : the sixpenny nails curved, and 
were drawn by that force. 

Dry sound ash, an inch thick, joined in the same manner by two sixpenny 
nails, bore 1220 lbs. 30 minutes without sensibly yielding ; but when the stress was 
increased to 1420 lbs. the pieces separated with an easy and gradual slide ; curving 
and drawing the nails as before, one of which broke. 

311 a. — Screws. The adoption of screws instead of conmion nails is a con* 
siderable improvement ; the following experiments on the force necessary \o draw 
screws of iron, commonly called wood screws, out of given depths of wood, were 
made by Mr. Bevan. The screws he used were about two inches in length, 

diameter at the exterior of the threads, — diameter at the bottom^ the 



100 ' 100 

OK 

depth of the worm or thread being — --, and the number of threads in one inch 

J.UUU 

= 12. They were passed through pieces of wood, exactly half an inch in thick- 
ness, and drawn out by the weights stated in the following tables. 
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Dry beech 460 lbs. 

Ditto ditto : 790 — 

Dry sound ash 790 — 

Dry oak 760 — 

Dry xnahogany 770 — 

Diyelm 666 — 

Dry sycamore 880 — 



The weights were supported about two minutes before the screws were 
extracted. He found the force required to draw similar screws out of deal and the 
softer woods about half the above. 

The force necessary to cause pieces screwed together to slide at the joining, 

was also determined ; the pieces being joined by two screws ; the resultant of the 

force coinciding with the plane of the joint, and in line with the places of the 
screws. 

With Christiana deal, seven-eighths of an inch thick, joined by two screws one 
and five-eighths of an inch in length, and five-fortieths of an inch in diameter 
within the worm, a load of 1009 lbs. gradually applied broke both the screws at 
the line of joint, after elongating the interior of the hole and sliding about six- 
tenths. 

With very dry seasoned oak, 1 inch thick, two screws one and five-eighths long, 
and six-fortieths diameter within the thread, bore 1009 lbs. for ten minutes 
without any signs of yielding : with 1187 lbs. both screws broke in two places ; 
each screw about two-tenths of an inch within each piece of wood ; the holes were 
a little elongated. 

With dry and sound ash 1 inch thick, with screws 2^ inches long, passing one 
quarter of an inch through one of the pieces, the diameter at bottom of the worm 
seven-fortieths ; the load began with was 1224 lbs., gradually increased for two 
hours to 2661 lbs. ; they produced a slow and moderate sliding, not separation, the 
screws being neither drawn nor broken ; but probably would, if not removed on 
account of night coming on, and putting an end to the experiment. 

Nails and other smaU fastenings might be rendered much more lasting by 
boiling them in linseed oil. This is often practised by slaters to protect their 
naUs from rust. 

As it is difficult to heat large articles, a coating that can be applied in a 
cold state is much better. One that dries quickly, and it is said perfectly 
preserves from rust the metals upon which it is laid, is described in the Repertory 
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of Arts.* It is prepared as follows : Grind to an impalpable powder one part (by 
weight) of black lead (plumbago), with which mix four paxts of sulphate of lead, 
and one part of sulphate of zinc : to this mixture add, by degrees, sixteen parts of 
boiled linseed oil* 

As strapping is often applied to prevent accident^, and to connect the parts 
when the timber itself is likely to decay, . it is obvious th9,t . the. iron-work should 
be rendered as durable as possible^ and particularly whfyce it is exposed to the 
weather. 

• " Bepertoiy of Arte," Ac., second series, vol. xxvii. p. 814. 
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SECTION X- 



ON THE NATUEE AND PROPERTIES OF TIMBER, 



312. — ^WooD is that substanoe which forms the principal part of the roots, trunks, 
and branches of trees and shrubs ; and its usefulness, in buildings, ships, and the 
mechanical arts, id well known. 

The woods of different trees differ much in strength, hardness, durability, and 
beauty ; and, consequently, in their fitness for the various purposes to which they 
are applied. The wood which is felled and seasoned for the purpose of building is 
called timber ; and in stating the properties of woods, we shall consider those only 
which are fit for timber.* 

313.— If the stem or trunk of a tree be cut across, the wood is found to be 
made up of numerous concentric layers or rings } very distinct in some trees, but 
less so in others. One of these layers is commonly formed every year ; consequently 
their number corresponds nearly with the age of the tree. Each layer consists, in 
general, of two parts ; the one solid, hard, heavy, and dark coloured ; the other of 
a lighter colour, porous, and soft ; which renders the lines of separation between 
the annual layers distinct. Scarcely any two layers of the same tree are precisely 
alike, either in the proportion of the hard part, or in the thickness of the layers ; 
as the layers vary in thickness according to the degree of vegetation which took 
place in the years of their formation : and also in the same tree they vary in 
thickness, either according to the situation of the principal roots, or the aspect : 
the annual layers being always thicker on that side of the tree which has been most 
favourable to the growth of the roots, or that has had the advantage of a good 
aspect. 

• The English word timber is derived by Dr. Johnson from the Saxon Hmhrian, to build ; hence the 
above definition. The legal definition of timber is restricted to particular species of wood, and custom varies 
in different counties as to the species ranked among the timber trees. 

C 
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314. — ^The structure of wood, and the nature of the vessels through which the 
fluids move in the living plant, are not thoroughly understood : indeed the study 
of vegetable anatomy is attended with considerable difficulties ; but some important 
facts have been ascertained, which contribute materially towards a more perfect 
knowledge of the nature and properties of wood. 

Wood appears to be composed of various vessels, which in the living tree 
convey the fluids necessary to its growth ; between those vessels there are cells 
interposed. There is nothing of the character of solid fibres in wood, except the 
thin membraneous coats of the cells and vessels, which adhere so slightly together 
in recently formed wood, that it is easy to separate them. The vessels in the 
growing tree are intended to convey a watery fluid, called the sap, from the roots 
to the leaves ; when it arrives at the leaves it undergoes certain changes, and 
returns through the bark ;* and the bark being expanded by this accession of 
moisture, rises from the wood, and leaves a cavity that becomes filled with the 
proper sap, which gradually hardens and forms a new layer of wood. The rising 
sap flows chiefly through the annual rings next the bark ; and from the experi- 
ments of Mr. Knight, t it appears that the sap during its ascent dissolves some 
portion of a substance that had been deposited in the vessels of the wood during 
the preceding winter, for the nourishment of the buds, leaves, and young wood ; 
hence the flowing sap is more dense in the upper than in the lower part of a 
tree. Dr. Darwin draws a like conclusion from the debarked oaks producing 
leaves, t 

In trees, as the leaves expand the sap ceases to flow, and the bark again adheres 
to the wood ; and from the middle of June to the middle of August there appears 
to be a pause in vegetation ; but after this period the sap again begins to flow, and 
the bark which adhered so closely in the preceding months may be separated nearly 
as easily as in the spring. 

316. — ^The sap which rises through the wood, from the roots, is very different 
in its nature from that which descends through the bark to form a new layer of 
wood. That which ascends is nearly as liquid as water, and is called the common 
%wp. It has in general a sweetish taste, and contains sugar and mucilage. It 
always contains an acid, sometimes in a free state, sometimes combined with lime 
and potash. When this sap is left to itself, it soon ferments and becomes sour ; 

• Art. " Anatomy, Vegetable," Supplement to the Encyclopaedia Britannica, p. 292. 
t Philosophical Transactions, 1805. . 

X Phytologia, p. 159. Probably the fact may be owing entirely to the fluid being reduced by 
eyaporation. 
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and when the proportion of sugar is considerable, it will undergo the vinous 
fermentation.* 

The descending sap, called the proper 8ap, differs so considerably in different 
trees, and is so difficult to procure in a separate state, that its properti^ have 
not been much examined. It is always less liquid* and contains a much greater 
proportion of vegetable matter than the common sap. It is also very probable that 
trees of the same kind produce proper sap of different qualities in different climates, 
as we find that the facts established respecting timber, the growth of one climate, 
are not applicable to the same species of timber grown in another climate. 

316. — ^That part of the wood next the bark is called sap wood^ because it is 
through it chiefly that the sap ascends ; and as it is shewn by Mr, Knight to 
contain some vegetable matter to be expended in forming leaves and buds, it is 
reasonable to suppose that the sap-wood must be more prone to decay than the 
internal part of the tree, called the heart*wood. 

As trees increase in size, the oldest part of the sap-wood gradually loses all 
vegetable life, and the more fluid parts of it are either absorbed by the new forming 
sap-wood, or evaporated ; its vessels and cells become closed by the pressure of the 
new forming wood, and it ceases to perform any other part in the growth of a tree 
than to support it. When these changes have taken place, it is found to be more 
compact, and generally of a darker colour ; and also contains only a small pro- 
portion of vegetable matter besides that kind which is called the woody fibre by 
chemists. It is then heart-wood, or wood in its most perfect state. 

The sap-wood is softer, and generally lighter coloured, than the heart-wood, and 
contains a considerable portion of vegetable matter, which partakes of the nature 
of the sap, and which ascends through it. It is found to decay rapidly, and is also 
very subject to worms. The reason is obvious, for it contains the food which they 
live upon, the most of which is absorbed or evaporated from the heart* wood, f 

The proportion of sap* wood in different trees varies very much : Spanish chesnut 
has a very small proportion of sap-wood, oak has more, and fir a still larger pro- 
portion than oak ; but the proportions vary according to the situation and soil. 
Three specimens of a medium quality gave the following : 

Chesnut, whole age 58 years, 16^ inches diameter, 7 years sap-wood, f inch thick. 

Oak, whole age ...65 17 17 H- 

Scotch fir 24 2^. 

* The properties of the different kinds of sap that have been examined are given in Dr. Thocoson's 
System of Chemistry, iy. 209—213. 

t In many woods the line of demarcation between the heart and sap wood is so strongly defined, that, 
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Therefore, if the diameter be unity, or 1, that part of it which is sap-wood will 
be, in the chesnut, 01 ; in the oak, 0*294 ; and in the Scotch fir, 0*416. The Scotch 
fir was the produce of the Mar Forest.* 

317. — ^The life of trees, like that of men, has been commonly divided into three 
stages ; infancy, maturity, and old age. In the first, the tree increases from day 
to day ; in the second, it maintains itself without sensible gain or loss ; but, in the 
third, it declines. These stages vary in every species according to the soil, the 
aspect, the climate, or the nature of the individual plant. 

Sir H. Davy states,t that oak and chesnut trees decay sooner in a moist soil 
than in a dry and sandy one, and their timber is less firm. The sap vessels being 
expanded with moisture without the necessary quantity of nourishing matter, the 
general texture becomes necessarily less firm. Such wood splits easily, and is very 
liable to shrink and swell with the changes of the weather. 

Trees of the same kind arrive at the greatest age in that climate which is best 
adapted to their nature. The common oak, the fir, and the birch thrive best 
towards the northern, the ash and the olive tree thrive best towards the southern, 
parts of Europe. 

We find, says Mirbel, the ashes of Calabria and Sicily to be longer-lived than 
those of Prussia or Great Britain.]: Oak and chesnut trees,, under favourable 
circumstances, sometimes attain an age of about 1000 years; beech, ash, and 
sycamore seldom arrive at half that age. 

The decline of trees appears to be caused by the decay of the heart- wood. It is 
this, as Sir H. Davy remarks,^ which seems to constitute the great limit to the 
age-and size of trees : and the long period the central parts are preserved by the 
cooling influence of the living trees is truly wonderful. 

In trees that have not arrived at maturity, the hardness and solidity of the 
wood are greatest at the heart, and decrease towards the sap-wood : but in the 
mature or perfect tree the heart- wood is nearly uniform ; while that of a tree on 
the decline is softer at the centre than it is next the sap-wood. These observations 
were made by Buffon in the course of liis numerous experiments, and also by 
Buhamel. 



as a friend well remarks^ " the change seeniB to take place as it were per saltum; " it oertainly is a singular 
phenomenon, and merits more of the attention of physiolog^ts than it has received. 

• These measures were taken from specimens in the collection of W. Atkinson, Esq., late architect to 
the Ordnance, &c. 

t Agricultural Chemistry, p. 255, 8vo edit. J Journal of Science, Ac., vol. iv. p. 11. 

§ Agricultural Chemistry, p. 220, 4to edit. 
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07 FELLING TIMBER. 

818. — " It should be/' says the venerable Evelyn, " in the vigour and perfection 
of trees that a felling should be celebrated/'* When a tree is felled too soon, the 
greater part of it is sap-wood, and in a young tree even the heart-wood has not 
acquired its proper degree of hardness ; indeed the whole tree must partake so 
much of the nature of sap-wood, that it cannot be expected to be durable. And 
when a tree is not felled till it be on the decline, the wood is brittle and devoid of 
elasticity, tainted, discoloured, and soon decays. But in trees that have arrived at 
a mature age, the proportion of sap-wood is small, and the heart- wood is nearly 
uniform, and is hard, compact and durable. Hence it is important that Evelyn's 
precept should be carefully attended to. It is true the proper age for each species 
has not been satisfactorily determined ; but it is a point where great accuracy is 
not necessary ; for half a dozen years in the age of a tree wiU not make much 
difference, provided it be not cut too soon. It is cutting trees before they 
have arrived at maturity that should be guarded against ; and as it is most likely 
to happen from interested motives, it is the more necessary to caution the carpenter 
in this respect. Trees increase slowly in size after they arrive at a certain age, 
therefore it is the interest of the timber grower to fell them before they arrive at 
maturity: because it is his object to obtain the greatest possible quantity of 
timber, without regard to the quality. But when the carpenter is sensible of the 
inferior quality of young timber in respect to duration, it is his province to check 
this growing evil, by giving a better price for timber that has acquired its proper 
degree of density and hardness. 

The period generally allowed for an oak tree to arrive at maturity is 100 years, 
and the average quantity of timber produced by a tree of that age is about 1^ 
loads, or 75 cubic feet. In some instances oak trees arrive at maturity in a less 
time than 100 years, and in others not till after that period.f 

The age of an oak tree, according to Daviller, should never exceed 200 years, 
nor should it be felled at a less age than 60. t Belidor states about 100 to be the 
best age for the oak.^ It is much to be regretted, that in districts where the oak 

* Silva, or a Discourse on Forest Trees, vol. ii. p. 205. 

t First Eeport of the Commissioners of Woods and Forests, p. 24 and 25, 1812. 

X Cours d' Architecture. 

§ Sciences d^ Ing^nieurs, liy. iy. chap. 1. 
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flourishes it is seldom suffered to attain a mature age ; being often cut before the 
trees will produce 50 feet of timber each.* 

The ash, larch, and elm should be cut when the trees are between 60 and 100 
years old ; and between 30 and 50 is a proper age for poplars. 

The Norway spruce and Scotch pine are generally cut when between 70 and 
100 years old in Norway. 

319. — In order that timber may be durable, it is also necessary to attend to the 
proper season of the year for felling. But on this point there is much difference 
in opinion, and the question is only to be decided by attending to the state of trees 
at different seasons of the year. The best period for felling timber is undoubtedly 
that in which it is most firee from extraneous yegetable matter ; or such matter as 
is intended to be expended in forming leaves and buds, which is in a more fluid 
state, and of a more saccharine and fermentible nature than the proper juices, or 
such as form the wood. A tree deposits in the sap-wood a portion of matter to be 
dissolved by the rising sap,t and at the period when the leaves are putting forth, 
the wood must be filled with matter in a state ready for germination ; conse- 
quently the timber cut at that period must be easily acted upon by heat and 
moisture, and subject to rapid decay, or to be destroyed by worms. Now there 
are two periods in the year, the spring and the autumn, when trees are in a state 
of vegetation ; therefore at these times it is desirable to avoid felling timber for 
any other than temporary purposes. Of the two periods the spring must be the 
worst, because they then contain the greatest quantity of matter in a state fit for 
germination. 

On the other hand, the best time for felling timber is in mid- winter, or mid- 
summer ; as at these times the vegetative powers are at rest, or have expended all 
the most changeable parts in producing leaves, &e. In some kinds of trees a little 
after mid -summer appears to be decidedly the best time for felling. Alder felled 
at that time is found to be much more durable ; and Ellis says, that beech, when 
cut in the middle of summer, is better and less liable to be worm-eaten ; particu- 
larly if a gash be cut to let out the sap some time before felling. X Mr. Elno wles 
states that *^ about Naples, and in other parts of Italy, oaks have been felled in 
summer, and are said to have been very durable/' § And as summer felling is an 
advantage in some species, it seems reasonable to conclude that it will be so in all. 

■ 

* See Marshall's Southern Counties, toI. ii. p. 127. 

t Philosophical Transactions, 1805. 

X Ellis's Timber Tree Improved, p. 35. 

§ Inquiry into the means which have been taken to preserve the British Navy, p. 20, 4ito. 1821. 
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320. — Bat in oak trees the bark is too yaluable to be lost ; and as the best 
period for the timber is the worst for the bark, an ingenious method has been long 
partially practised, which not only secures the bark at the best season, but also 
materially improves the timber. This method consists in taking the bark off the 
standing tree early in the spring, and not felling it till after the new foliage has 
put forth and died. For by the production of new buds the fermentible matter is 
expended, and the sap-wood becomes nearly as hard and durable as the heart- wood, 
being both less liable to decay and to be destroyed by worms. 

Buffon has ascertained by experiment that the wood is materially improyed by 
this method of barking the trees standing in the spring, and felling them about 
the end of October.* Duhamel, whose extensive knowledge of the nature and 
qualities of woods is weU known, recommends the same method ; and Evelyn 
states, that '* to make excellent boards and planks, it is the advice of some, you 
should bark your trees in a fit season, and so let them stand naked a full year 
before the felling. t But a tree will not be benefited by standing so long ; and the 
best time for felling appears to be when the new foliage has put forth and died, as 
Mr. S. Pepys observes in his paper on the subject.^ And Mr. T. A. Knight, to 
whom we are indebted for many interesting as well as important facts respecting 
timber, has made some experiments and observations, from which he concludes, 
that in all cases where it is essential to give durability to the sap-wood of oak» 
the trees should be barked in the spring, and felled in the ensuing winter ;^ also 
that winter-felled heart- wood is less affected by moisture, and likely to be the best 
and most durable. 

When the bark of a tree is not of sufficient value to defray the expense of 
stripping, the timber should be felled during the months of December, January, or 
February, in the winter, or during the month of July in the summer. Winter 
felling is recommended by most writers ; but Mr. Knowles is of opinion that it is 
better chiefly in consequence of the timber being less liable to split or twist in 
seasoning, from the drying being more gradual when it is cut at that time of the 
year. || The advantage of slow drying may however be easily given at any season ; 
and it certainly is a great advantage in this early stage of seasoning. According 
to Yitruvius, the proper time for felling is between October and February ; and 

* Moyen facile d'augmenter la Solidite, la Force, et la Bur^ du Bois ; M^oires de 1' Academie des 
Sciences, Paris, 1738, p. 169—184. 

t Bilya, Dr. Hunter's edition, toI. ii. p. 214. 

X Pbilosophioal Transactions, toL xvii. p. 455. 

§ Annals of Philosophy, vol. xiv. p. 52 ; or Phil. Trans. 1820. 

II Inquiry into the means which have heen taken to preserve the British Kavy, p. 13, 4to. 182L 
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he directs that the trees should be cut to the pith, and then suflfered to remain till 
the sap be drained out. The effusion of the sap prevents the decay of the timber ; 
and when it is all drained out, and the wood becomes dry, the trees are to be cut 
down ; when the wood will be excellent for use,* 

A similar effect might be produced by placing the timber on its end as soon as 
it is felled, and it would no doubt compensate for the extra expense by its dura- 
bility in use. 

In France, so long ago as 1669, a royal ordinance limited the felling of nayal 
timber from the first of October to the 15th of April. Buonaparte directed that 
the time for felling naval timber should be from the 1st of November to the 16th 
of March, in order to render it more durable. f 



OP SEASONING TIMBEB. 

821. — When timber is felled, the sooner it is removed from the forest the 
better : it should be removed to a dry situation, and placed so that the air may 
circulate freely round each piece, but it should not be exposed to the sun and wind. 
Squared timber does not rift or split so much as that which is round ; and where 
the size of the trees will allow of it, it is better to quarter them, after a period of 
very slow drying in the whole tree. When beams are to be used the full size of 
the tree, it would be a good preservative against splitting to bore them through 
from end to end, as is done in a water-pipe. It is irregular drying which causes 
timber to split ; and this method would assist in drying the internal part of the 
beam, without losing much of its strength ; at the same time it would lighten it 
considerably. { 

Duhamel has shewn that it is a great advantage to set the timber upright, with 
the lower end raised a little from the ground ; § but as this cannot always be done, 
the timber-yards should be well drained, and kept as dry as possible. Paved yards 
are to be preferred, and the paving should have a considerable fall, to prevent water 
standing. If the paving were laid with ashes it would be better ; those from a forge 

* Vitruvius, book ii, chap. ix. 

t Encyclopaedia Britannica, Supplement, art. "Dry Rot." 

I "Ancient architects/' says Alberti, " not only prevented the access of the scorching rays of the sun, 
and the rude blasts of wind, but also covered the surface with cow-dung, to prevent the too sudden evapora- 
tion from the surface." Book ii. chap. v. 

§ Transport des Bois, p. 238. 
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or foundry would be excellent : even an unpaved yard would be improved by a coat 
of ashes, to prevent anything growing among the timber. 

If timber can be kept some time in a dry situation before it is cut into 
scantlings, it is less subject to warp and twist in drying ; but during the time it is 
kept in the tree or log it should be carefully piled, so as to leave space for a free 
circulation of air between each piece, and also between the timbers and paving or 
ground. Lately, in some of the Government yards, the timber has been laid upon 
cast-iron bearers, instead of being laid upon refuse pieces of wood ; as the refuse 
wood is often half rotten, and must in some degree contribute to infect the sound 
timber. Timber is too often suflfered to lie half buried in the ground^ or grown 
over with weeds, till it is covered with fungus, and impregnated with the seeds of 
decay before it is brought into use. 

When it is necessary to convert the timber into smaller scantlings, it still 
requires attention ; as the better it is seasoned, wlien brought into work, the better 
the work will stand : it will also be more durable. The experiments of Duhamel 
shew that such scantlings will dry soonest in an upright position, and that the 
upper end dries more rapidly than the lower one.* But whether the pieces of 
timber be piled on the end, or laid horizontally, a free space should be left round 
each piece, and the situation should be dry and airy ; yet not exposed to the direct 
rays of the sun» nor to a strong current of air. If the scantlings be laid horizontally, 
short blocks should be put between them ; which wiU preserve them from becoming 
mouldy, and wiU contribute much towards rendering the sappy parts more durable. 

Gradual drying, where the time can be allowed for it in the natural process, is 
the most certain means of giving durability to timber, by fixing those parts of it 
which are most liable to be acted upon by heat and moisture. 

It is weU known to chemists that slow drying will render many bodies less easy 
to dissolve ; while rapid drying, on the contrary, renders the same bodies more 
soluble : besides, all wood in drying loses a portion of its carbon, and the more in 
proportion as the temperature is higher. There is in wood that has been properly 
seasoned a toughness and elasticity which is not to be found in rapidly dried wood. 
This is an evident proof that firm cohesion does not take place when the moisture 
is dissipated in a high heat. Also, seasoning by'heat alone, produces a hard crust 
on the surface, which wiU scarcely permit the moisture to evaporate from the 
internal part, and is very injurious to the wood. 

Eor the general purposes of carpentry, timber should not be used in less than 
two years after it is felled ; and this is the least time that ought to be allowed for 

* Transport des Bois, p. 83. 
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seasoning. For joiners' work it requires four years, unless other methods be used ; 
but for carpentry natural seasoning should hare the preference, unless the pressure 
of the air be removed. 

Buhamel says, that the quantity of matter which ought to be evaporated from 
green oak is about one-third or two-flfths of its weight : the proportion, however, 
will vary according to the age and quality of the timber, and the nature of the soil 
that produced it.* In a subsequent article we have attempted to establish the 
relation between the size of the pieces and the time necessary to season them, 
(see art. 327) ; as it is a subject that has not received that share of attention which 
its importance merits. 



WATER SEASONING. 

» 

322. — On account of the time required to season timber in the natural way, 
various methods have been ti7ed to effect the same purpose in a shorter time. 
Perhaps the best of these is to immerse the timber in water as soon as it is cut 
down ; and after it has remained about a fortnight in water, but not more, to take 
it out, and dry it in an airy situation. 

Evelyn directs to "lay your boards a fortnight in water, (if running the better, 
as at a mill-pond head,) and then setting them upright in the sun and wind, so as 
it may pass freely through them, turning them daily ; and thus treated, even 
newly-sawn boards will floor far better than those of a many years' dry seasoning, 
as they call it :"t and he adds, " I the oftener insist on this water seasoning, not 
only as a remedy against the worm, but for its efficacy against warping and dis- 
tortions of timber, whether used within or exposed to the air." 

Buhamel, who made many experiments on this important subject, states, that 
timber for the joiner's use is best put in water for some time, and afterwards 
dried ; as it renders the timber less liable to warp and crack in drying ; but he adds, 
" where strength is required it ought not to be put in water." | And he found, from 
numerous experiments, the timber which had remained some time in fresh water 
lost more of its weight in drying than that which was dried under cover ; and he 
observed, that green timber that had been steeped in water for some time was 
always covered with a gelatinous substance.^ 

Timber that has been cut when the timber was full of sap, and particularly 

* Transport des Bois, p. 72. t Silva, vol. ii. p. 217. J Transport des Bois, p. 247. 

§ Transport des Bois, p. 164, 168, and 171. 
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when that sap is of a saccharine nature, must be materially benefited by steeping 
in water ; because it will undoubtedly remove the greater part of the fermentible 
matter. Duhamel has ascertained that the sap-wood of oak is materially improved 
by it, being much less subject to worm-eat ; and also, that the tender woods, such 
as alder and the like, are less subject to the worm when water-seasoned.* Beech 
is said to be much benefited by immersion ; and green elm, says Evelyn, if plunged 
four or five days in water (especially salt water), obtains an admirable seasoning. f 
When timber is put in water it must be sunk so as to be completely under 
water, as nothing is more destructive than partial immersion. Salt water is con- 
sidered best for ship-timber ; but for timber to be employed in the construction of 
dwelling-houses fresh water is better. 



OF STEAMING AND BOILING TIMBER. 

323.— Though steaming or boiling impairs the strength and elasticity of timber, 
it gives another property, which for some purposes is still more desirable than 
strength ; for boiled or steamed timber shrinks less and stands better than that 
which is naturally seasoned. Therefore it may often be useful to season timber in 
this manner where joiner's work is to be executed in oak of British growth, as 
without this precaution it requires a long time to season it so as to be fit for such 
purposes. 

The timber should not remain long in boiling water or steam ; four hours will 
in general be quite sufficient ; and after boiling or steaming the drying goes on 
very rapidly, but it is well not to hasten the drying too much. Steamed wood 
dries sooner than that which is boiled, according to Mr. Hookey *s experiments. X 

How far steaming or boiling aflfects the durability of timber has not been 
satisfactorily ascertained : but it is said that the planks of a ship, near the bows, 
which are bent by steaming, have never been observed to be affected with the dry 
rot.§ The changes produced by boiling, as observed by Duhamel, are not very 
favourable to the opinion that it adds to the durability of timber. For when a 
piece of dry wood was immersed in boiling water, and afterwards dried in a stove, 
it not only lost the water it had imbibed, but also a part of its substance ; and 
when the experiment was repeated with the same piece of wood, it lost more of its 
substance the second time than it did the first. The same thing takes place in 

• Transport des Bois, p. 172 et 176. t Silva, vol. ii. p. 217. 

X Barlow's Essay on the Strength of Timber, p. 14. § Encj. Brit. Supp., art. " Dry Rot," p. 682. 
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green wood ; and tender woods, or those of a middling quality, are more altered 
by these operations than hard woods, or those of a good quality.* Dr. Watson 
found steeping long in cold water produced similar effects ; but that box, oak, and 
ash lost more weight by this process than mahogany, walnut, or deal.f Both cold 
and hot water has therefore to a certain extent the power of dissolving the woody 
fibre. 



OF SMOKE-D&YING, SCORCHING, AND CHARRING TIMBER. 

324.— It is an old and a well-founded observation, that smoke-drying contri- 
butes much to the hardness and durability of wood. Virgil seems to have been 
aware of its utility when he wrote the passage which is thus translated by Dryden : 

" Of beech the plough-taQ, and the bending yoke, 
Or softer linden hardened in the smokeJ'X Gbobgics, i. 225. 

But this method can only be effectually applied on a very small scale ; yet 
sometimes, for particular purposes, it may be useful to season in the smoke. As a 
substitute for the smoke of an open chimney, Ellis advises to burn fern, furze, 
straw, or shavings under the timber,^ which would destroy any seeds of fungi, or 
worms, and so embitter the external surface as to prevent any further ill effect 
from either. It would be easy to contrive the means of smoke-drying for the use 
of a manufactory where much seasoned wood was used. 

Scorching must do timber much harm wlien it is done hastily, so as to cause 
rents and cracks in it ; as these become receptacles for moisture, and consequently 
must be the cause of rapid decay. 

It must be always remembered, that charring the surface is only useful in as 

• Transport des Bois, p. 138 et 144. 

t Chemical EssayB, vol. ui. p. 24. 

X Beckman (in his Histoiy of Inventions, vol. ii. p. 77) quotes a passage from Hesiod to the same 
effect; and adds, " as the houses of the ancients were so smoky, it may be easily comprehended how, by 
means of smoke, they could dry and harden pieces of timber." In this manner were prepared the pieces of 
wood destined for ploughs, waggons, and the rudders of vessels : 

" These long suspend, where smoke their strength explores. 
And seasons into use, and binds their pores." Sothbbt's Vibgil. 

§ Timber Tree Improved, by Mr. Ellis. 
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far as it destroys and prevents infection ; and that it should be applied only to 
timber already seasoned : for when it Is applied to green timber, it only closes up 
the pores at the surface, so that the internal sap and moisture cannot evaporate. 

In that kind of decay which arises firom the constant evaporation of moisture, 
charring the surface produces no effect. Duhamel made some experiments on this 
point, and found that there was very little difference between the posts he had 
charred, and those he had not charred, at the end of six years ;* but as a preventive 
of infection by the dry rot, and of the worm in timber, charring appears to be very 
beneficial, and will no doubt be assisted by impregnating the timber with the bitter 
particles of smoke. 



langton's method of seasoning timber by the direct extraction 

of the sap. 

• 

324 a — ^As green wood consists of woody fibre saturated with the fluid called 
the natural sap of the tree, it is obvious that a method of separating this sap 
without injury to the woody fibre is one of the most important discoveries that 
has been made in the management of timber. For every thing which shortens 
the time between the felling a tree and its being fit for use without injuring it in 
strength and durability, is a means of lessening the quantity of capital required to 
keep a stock of dry wood, and of preventing green wood being used in cases where 
the stock of dry is deficient. Erom three to five years is, in the usual method, 
necessary to render green wood fit for use ; and for so long not only is the interest 
of the capital employed to purchase it lost to the consumer, but also the manufac- 
turer must have a greater capital to conduct his business than with a quicker 
mode of drying. In shipbuilding the disadvantages of the slow process of seasoning 
by the natural action of the atmosphere are most evident. 

324 b. — When green wood is placed in the receiver of an air pump, as the air 
is exhausted by the pump, the sap, being no longer confined by the atmospheric 
pressure, separates from the wood ; and if heat be applied so as to convert this 
sap into vapour as fast as it arrives at the surface of the wood, and the means of 
condensing the vapour be provided, the whole of the sap wiU soon be extracted 
from the wood. This is the nature of Mr. Langton's process ; but in practice he 
employs vertical cylinders of iron to contain the wood, into which the pieces are 
lowered by a crane, and raised again when the operation is done ; steam is used 

* Transport des Bois, p. 225 et suiv. 
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to produce a partial vacuum in the cylinders after the wood is in and the covers 
closed, and heat is applied by means of a water bath surrounding the cylinders, 
rendering it easy to obtain a regular temperature. The vapour of the sap is con- 
veyed by a pipe to pipes or vessels surrounded by cold water, where it condenses 
and is collected in the liquid state ; it is nearly clear, has a sweetish taste, and very 
peculiar flavour, with a musty disagreeable smell when it has been kept some time ; 
it has a small quantity of free acid in it, and a light flocculent matter floats in it, 

^ which appears to afford the musty smell. 

^ 324 c. — ^The wood seasoned in this manner rather exceeds the usual density of 

the same kind equally dry, and loses about the same weight as in seasoning by the 
common process, with somewhat more shrinkage. The time when the process is 
over is easily known by the liquid ceasing to collect in the condensing part of the 
apparatus, and the trial may be made with still greater accuracy by a barometer 
gauge, (such as is used for steam engine condensers ;*) for, on closing the com- 
munication between the cylinder and condenser, the vapour in the cylinder will 
increase in force, which, being indicated by the gauge, shews that the operation is 
not complete. 

324 d. — In regard to expense, it appears that to season, or rather to extract 
the whole of the sap from green wood, will require from 8 to 12 weeks, (art. 326 4), 
and cost about 10 shillings per load. We believe this mode of seasoning is now 
almost wholly discontinued, f 

* See Tredgold's Steam Engine, art. 669. 

t The patent was obtained in 1826, and is inserted at length in the Repertory of Patent Inventions, 
vol. vi. p. 228. 
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TABLES OF THE WEIGHT OF TIMBER IN DIFFERENT STATES. 

325. — As a suitable introduction to some remarks on seasoning, we subjoin the 
following tables. 

Weight of a cubic foot of limber ^ green, and also its weight a year afterwa/rds. 

[From Duhamel's experiments ;* reduced to English weights and measures.] 



Kiad of wood. 


Weigbt of a cubic foot 
green. 


Weight of a cabic foot 
one year afterwards. 


Oak of Provence 


7825 

57-14 

49-68 

54-43 

45-2 

56-25 

53-73 


68-3 

47-6 

30-69 

4408 

27-96 

43-95 

43-93 

3675 


Elm, ditto 

Poplar ditto 

Walnut, ditto 

Lirpe, ditto 


Beech of Bourgogne 

White pine of Provence ... 
Norway pine, dry 



The writer of an article on Timber, in the Encyclopedie M^thodique, states that 
the weight of a cubic foot of green oak varies from 62*5 to 66 pounds ; of a cubic 
foot of seasoned oak, from 63*6 to 68 pounds ; and a cubic foot of very dry oak, 
from 44*6 to 47-3 pounds.t The timber of very old trees is often much lighter 
than this ; the author tried specimens from old trees that did not exceed 38'5 
pounds per cubic foot when dry. When the specific gravity is very low it may be 
safely concluded that it is the wood of an old tree, and that it will be brittle and 
deficient both in strength and toughness. 

Some experiments have been made on the loss of weight in seasoning by Mr. 
Couch, at the Eoyal Dockyard at Plymouth, from which the following are 
taken, t 

* Transport des Bois, p. 66 et suiv. 

t Art. '^ Bois. Diet. Architecture," Encyclop^e M^thodique. 

X Mr. Couch's " Table " is published in Barlow's Essay on the Strength of Timber, p. 9 ; and contains 
much valuable information. Mr. Knowles, in his " Inquiry," Ac., has added the following on two cubes 
of oak: — 

Weight when felled 62 fts. Weight when perfectly dry 36J fcs. Loss of weight 41*5 per cent. 

Ditto „ 68 — Ditto „ 4106 Ditto „ 40 „ 



208 



NATUKB AKD PBOPEETIfiS OV TIHBEB. 



[§!. 



Weight of Wood in different States ; from Mr. Crouch* 8 Experiments. 



Kind of wood. 


Weight when felled of 
a cubic foot. 


Weight seasoned of 
a cubic foot. 


Shrinkage in 
seasoning. 


Oak (butt^nd) 

Elm 

Riga masts 

Pitch pine, American 
Yellow pine, ditto ... 
Spruce pine, ditto . . . 

• 


ponnds. 
69 

68i 

Weight of a cnUc foot 
when i&nt imported. 

42 

47 

42i 

33 


ponnds. 

47i 
36i 

40 
46i 
28i 
32i 


1^ 



To these experiments the following new ones are added, which include some 
varieties of wood not before tried. 



Kind of wood. 

1 


Weight of a cubic 
foot when green. 


Weight of a cubic 
fi>ot diy. 


Loss per cent. 


Oak sap-wood (quercus sessiliflora) 

Spanish chesnut 

Larch 

Walnut 

Acacia (robinia pseudo-acacia) 


pounds. 

670 

64-68 

4206 

67-6 

61-26 


pounds. 

4707 

87-91 

30-99 

38-6 

46-76 


29*8 
80-6 
260 
33-0 
90 


1 



We are also indebted to Mr. Wiebeking for some experiments on seasoning 
timber ; and as both the kinds of timber and the times of observation are different 
from those already noticed, his table is a considerable addition to our knowledge of 
this important subject. It is, in common with all the other tables in this work, 
reduced to English weights and measures. 



Weight of a Cubic Foot of Wood in different States.* 



Kind of wood. 


Weight ofa cubic foot 

fiffcoBn days after the 

wood was feUed. 


Weight ofa cubic foot 
after three months' ex- 
posure to the air. 


Weight of a cubic foot 
when dry. 


Oak 

Larch 

Pine (pinus s jlvestris) 


pounds. 
68-74 
53-63 
6108 
62-36 
33-2 


pounds. 
66-18 
61-08 
38-31 
33*2 
29-37 


ponnds. 
89-27 to 89-58 
38-31 
26-817 
25-64 
26*22 to 26-64 


Pinaster 

Fir (pinus picea) 



* Trait6contenant une Partie Essentielle de la Science de oonstruiie les Ponts, p. 114. 
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Wood, when it is cut into small pieces, very soon acquires its utmost degree of 
dryness. Dr. Watson, bishop of Uandaff, in the month of March, cut a piece from 
the middle of a large ash tree that had been felled about six weeks, and weighed it ; 
its weight was 317 grains : in seven days it lost 62 grains, or nearly one-fifth of its 
weight. It was weighed again in August of the same year, but had not lost any 
more of its weight ; hence it had become perfectly dry in the short space of seven 
days. He also found that the sap-wood of oak lost more weight in drying than the 
heart- wood, in the proportion of 10 to 7.* 

Mr. Fontey has ascertained that the sap-wood of larch loses two-fifths of its 
weight in drying, t 



LAWS OP SEASONING. 

326. — The time that is required to season, or to dry a piece of timber, obviously 
depends upon its magnitude : for we have seen that in a small piece it will become 
perfectly dry in a few days : therefore some rule in this respect is desirable. A com- 
plete solution of the problem cannot be e£fected, without more accurate experiments 
had been made on pieces under various circumstances. But till something better 
shall be done, the following investigation may be useful. 

The time required to dry a piece of timber, all other things being the same, 
will depend on the quantity of surface exposed to the action of the air ; therefore 
while the quantity of timber remains the same, the larger the surface the sooner it 
will be dry. 

Also, if the quantity of surface remain the same, the time of drying will be pro- 
portional to the quantity of matter ; as the greater the quantity of matter under 
the same surface, the longer it will be in drying. 

Let I be the length of a tree, which may be supposed to be a cylinder, and d its 
diameter, and p = 3"1416. 

Then, by the principles of mensuration, the surface of the cylinder is equal to 
p dl + ^p d-; and its solid content is ^ ^ cP /. But the time of drying will vary 
in the inverse ratio of the surface, and directly as the solid content : call this time 

T. Then — ^\^^,^ ^ varies as T, or varies as T. And, if c be a constant 

• Chemical Essays, voL iii. p. 21. 

t Forest Pniner, p. 88. Mr. Pontej is completely wrong when he supposes his experiments to furnish 
any rule for the time it would require to season larger pieces. 

E E 
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e d I 



quantity, to be fonnd from experimentB, we have = T, when the beam 



is cylindrical. 



eh dl 



And in a rectangular beam — - — — — --- = T ; where h is the breadth and d 

° Ih + Id + h d 

the depth of the beam. When a table of reciprocals is at hand^ the latter rule 

C - 

becomes much more convenient for calculation under the form -r — r — r := T. 

d b I 

This investigation is made on the supposition that the evaporation is free and 
equal at every part of the surface : but this is not the case in seasoning, as the 
evaporation from the ends is greater than from the sides, and greater from the 
upper side than from the under one ; but it is perhaps sufficiently correct to be 
useful, at least till something better shall be done. * 

Equal drying would be much promoted by often turning the pieces, and by 
keeping them free from the ground or other damp bodies ; and the more equal the 
drying is, the more nearly these rules will apply. 

Timber is used in two states, that is, when it is dry, and when it is only seasoned. 
The term seasoned, however, is not very accurately defined. Biondelet considers 
timber to be sufficiently seasoned for carpenter's work (unframed he must intend) 
when it has lost about one-sixth of its weight. But according to the author's own 
observations, timber has undergone what is termed a proper seasoning for common 
uses when it has lost about one-fifth of its weight ; therefore, we shall call that 
timber seasoned which has lost one-fifth of the weight it had at the time of felling. 

It also appears, from the experiments of Duhamelf and Grouch, { that timber 
loses about one^third of its weight in becoming dry ; and such a degree of dryness 
being sufficient for the joiner's purpose, we may consider timber dry when it has 
lost one-third of its weight. 

Thus the terms dry and seetsaned wiU have a more certain meaning : and when 
drying is carried to its greatest degree, the timber may be called perfectly dry, to 
distiitguish it from that degree of dryness which renders it fit for framing and 
joiners' work. 

826 a. — In order to compare the times required to season and to dry timber, 

* If « be quantity evaporated by the end, when the quantity from the side is *, then for a cylinder 

c d I 

Is '\' i d e 
t Transport des Bois. J Barlow's Essay on Timber, p. 18. 
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when the sizes of the pieces remain the same, it will be necessary to consider the 
progress of evaporation from the same quantity of surface. 

Let the whole time be oonoeived to be divided into equal parts ; then if the 
quantity evaporated during any one of these parts of the time be n W, the whole 
quantity of sap being W : then as the time increases, the quantity of moisture de- 
creases; and the force of evaporation being proportional to the excess of moisture, 
the quantity evaporated must decrease as the time increases, and the time is 

expressed by the equation W(l ) = «?, where to is the quantity of moisture 

the wood retains. 

w 
But for calculation we must employ logarithms ; and then if — = m, the equa- 
tion becomes o^jn ^ _ ^ ^^^ time. 

log. n — log. (n — 1) 

When timber is dry m == 12 ; and in seasoning in the open air ;» = 20 nearly ; 
the timber losing one-third of its weight ; but in seasoned timber m = 2*5, and 
n = 15; the time being expressed in months. 

Hence it appears how slowly the process of drying goes on ; and the preceding 
equations shewing that it proceeds most rapidly in small pieces, the importance of 
reducing timber to its proper scantlings for use is obvious. For, however dry a 
piece of timber may be» when it is cut to a smaller scantling it will shrink and lose 
weight, being always less dry in the centre than at the surface ; and the more 
rapidly the drying has been carried on, the greater will be the difference. Never- 
theless, in the first stages of seasoning it is best that it should proceed slowly ; 
otherwise the external pores shrink so close as not to permit the free evaporation 
of the internal moisture, and the piece would split from unequal shrinking ; and 
lastly, it should be reduced nearly to the proper scantling some time before it be 
framed. 

The long time which large pieces require to season should render their use less 
frequent, without a proper time can be allowed. In the following table is given 
the times of drying and seasoning pieces of different sizes, calculated by the rules 
laid down in this article, which may be useful, as it shews at once the time neces- 
sary to bring different scantlings to the same degree of dryness. 
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TABLE OF THE TIMES OF SEASONING, ETC. IN THE OPEN AIB. 



Length ia 


Breadth ia 


Thicknesain 


Time of seaaonSng 


Time of drying 


feet. 


iDchm. 


iachea. 


in monthft. 




10 


6 


6 


11 


29 


10 


8 


8 


16 


39 


12 


10 


10 


18 


48 


12 


12 


12 


22 


67 


12 


14 


14. 


25 


66 


12 


16 


16 


29 


76 


18 


18 


18 


32 


86 


20 


20 


20 


36 


96 



The time under cover is shorter in the proportion of 5 to 7. 

326 b. — If we place a body containing a fluid in a space &om which the air is 
exhausted, the evaporation in a given time will be nearly directly as the diffwence 
between the force of vapour corresponding to the temperature of the evaporating 
surface, and the actual force of the vapour occupying the space, and which is regu* 
lated by the action of the condenser ; or as/ — f. 

Also, the motion of a fluid from the centre to the surface of the body will be as 
the square root of the mean difference, between the pressure of the atmosphere 
and the force of vapour in the space, or as \^i (p — /) ; hence, if a be the quantity 
evaporated in a given time whenp = 30 inches ; /= "SIC the force corresponding 
to 60^, and/" = '25 inches, the force corresponding to the average dew point ; then 

0-266 



(•516 - -25) : (/-/) y 4 (i> -/) : : a 



It further appears that the temperature, or rather the force/, must be regulated 
so that the evaporation does not exceed the velocity of the fluid; therefore, 
^cme: v^UF^T:: 0-266: ^13:3 (^-/') =/-/, or/+ i^l33 (ji -/') 
= /, the force corresponding to the temperature in inches of mercury. And since 
^ = 30 inches, and /' = 3 inches in the usual mode of condensation, we have 
/' + ^ 133 (30 - 3) = 4*9 inches, indicating a temperature of 134^. But insert- 
ing the value of/ — / in the equation for the quantity evaporated in a given 

time, we have ''^^^"^^ = -^l£_zX2 = the quantity evaporated ; and when 
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p = 80, and jT s= S, it is 26 a ; or the operation may proceed 26 times as rapidly 
as seasoning in a covered shed, without the risk of splitting the timber more in the 
one case than in the other. 



OF THE DECAY OF TIMBER. 

327. — Timber, when properly seasoned, is strong, tough, and elastic ; but it 
does not long retain those properties in any state or situation. Timber is generally 
employed in situations where it is continually dry, where it is constantly wet, 
where it is alternately wet and dry, or where it is exposed to heat and continued 
moisture. The effect of each of these states is the next object of attention.* 



EFFECT OF CONTINUED DETNES8. 

Timber that is constantly dry, or affected only by the small quantity of moisture 
it absorbs from the air in damp weather, has been known to last for seven or eight 
hundred years ; but even in this state, time produces a sensible alteration in its 
properties ; for it is found to lose its elastic and coherejit powers gradually, and to 
become brittle. Hence it is unfit to sustain the action of variable loads, though in 
a state of rest it may endure an immense length of time. 



EFFECT OF CONTINUED WETNESS. 

328.— The wood of trees in its natural state is a very compoimd substance : a cer- 
tain portion of its constituents is soluble in water ; another part may be extracted by 
alcohol ; and the part remaining, after being treated with alcohol, is the pure woody 
fibre, or lignin of chemists. After water has extracted all that is soluble by it 
firom timber, it is obvious that while the timber continues immersed in water it 
may remain unchanged for an indefinite period ; but if it be taken out and dried, 
it is found to be brittle and effete j or, to use the workman's expression, " its nature 
is gone ;" and, as Dr. Sloane has observed of oak that had been buried in a wet 

• 

• So little was generallj known on this subject only a few years ago, that the dry rot was thought to be 
a new disease, because a new name had been used for it. 
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situation, *' it dries, splits, becomes light, and soon impairs/'* But though oak 
timber taken from bogs is always found to be brittle and in a state of decay, fir 
from the same bog is often, if not always, in a much sounder state. 



EFFECT OF ALTERNATE DRYNESS AND MOISTURE. 

329.— When timber is exposed to the action of alternate dryness and moisture 
it soon decays. It has been already noticed, that repeated steeping and drying 
removes a sensible portion of the wood at each operation (see art. 222 and 223) ; 
and it is evident, that at each drying a new portion of soluble matter is formed, 
which either did not before exist, or which is rendered soluble by a change in its 
principles. This conclusion is further established by Saussure, who found that 
wood the most completely freed of its soluble principles furnishes always, by 
maceration in water with the contact of air, infusions holding extractive matter 
dissolved, t The effect of this kind of decay may be observed in weather-boarding, 
fencing, and in any situation where wood is constantly exposed to the vicissitudes 
of the weather. When the timber has been thoroughly seasoned, painting or any 
kind of coating that is capable of resisting moisture, is the best means of preserving 
it from this kind of decay. (See art. 854.) 

EFFECTS OF CONTINUED MOISTURE WITH HEAT. 

330. — ^Wood, in common with other vegetable products, when exposed to a 
certain degree of moisture, and at a temperature not much under 45 degrees, nor 
too high to evaporate suddenly all the moisture, gradually decomposes. This 
decomposition is called putrefaction by chemical writers, but is called the rot in 
common language. It proceeds with most rapidity in the open air^ but the contact 
of air is not absolutely necessary. Water is in all cases essential to the process ; 
indeed it is a principal agent in all processes of decomposition. 

As the rot goes on, certain gaseous matters are given out ; chiefly carbonic acid 
gas and hydrogen gas.^ 

Pure woody fibre alone, imdergoes this change slowly, but its texture is soon 

* Evelyn's Silva, vol. ii. p. 105. 

t Dr. Murray's System of Chemistry, vol. iv. p. 321. 

X Dr. Thomson's System of Chemistry, vol. iv. p. 806. 
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broken down, and it is easily resolved into new elements when mixed with sub- 
stances more liable to change. " Any process," observes Sir H. Davy, *' that tends 
to abstract carbonaceous matter from it must bring it nearer in composition to the 
soluble principles/' and this is done by fermentation.* Hence it is that the sap* 
wood is of a more perishable nature than the heart- wood, for the sap-wood abounds 
more in saccharine and fermentable principles, and consequently sooner ferments. 
Dr. Darwin took part of the branch of an oak tree, cut in January, and divided it 
carefully into three parts, the bark, the albumen or sap-wood, and the heart- 
wood. These were each shaved, or rasped, and separately boiled in water, and 
then set in a warm room to ferment. The decoction of the sap-wood passed into 
rapid fermentation, and became acid ; but not either of the other.f 

Duhamel tried some experiments to ascertain the effect of confining the sap in 
green timber ; and found that the pieces thus confined soon exhibited signs of 
rapid decay : and therefore he strongly recommends a free space for the circulation 
of air round the ends of joists and beams, instead of building them in the wall.} 
Duhamel also tried the effect of covering the external surface of timber with paint, 
tar, and pitch ; and found that it contributed much to the durability of dry or 
well-seasoned timber, but hastened the decay of green and unseasoned timber.^ 

Quicklime, when assisted by moisture, has a powerful effect in hastening the 
decomposition of wood, in consequence of its abstracting carbon. Mild lime (car- 
bonate of lime) has not this effect. || But mortar requires a considerable time to 
bring it to the state of nuld lime ; therefore, bedding timber in mortar, or building 
it in walls where it will long remain in a damp state in contact with mortar, is 
very injurious, and often the cause of rapid decay. Wood in a perfectly dry state 
does not appear to be injured by dry lime : of this we have examples in plastering- 
laths, which are generally found sound and good in places where they have been 
dry. lime also protects wood from worms. 

Volatile and fixed oils, resins, and wax, are equally as susceptible of decay as 
woody fibre under the same circumstances ;% hence we see the impropriety of 
attempting to protect wood in any situation where the coat of paint, &c. cannot 
be renewed from time to time : and also, that woods abounding in resinous matter 
cannot be more durable than others. 

* Agiicoltuni Chemistry, p. 249, 4to edit, 
t PllJtolo£pu^ p. 38. 

I Tmnsport des Bois, p. 62 et 58. 

§ Idem, p. 60 ; also Chapman on PreeeiETition of Timber, p. 121. 

II Agrieultoral Chemistry, p. 278. 
% Idem, p. 288. 
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Decay sometimes commences* in the growing tree ; for when it has stood beyond 
a certain age, decay at the heart has generally made some progress. (See art. 317.) 
This has often been observed in large girders of yellow fir, which have appeared 
sound on the outside, but by removing some of the binding joists have been found 
completely rotten at the heart.* It is on this account that the practice of sawing 
and bolting girders is recommended. (See art. 140, Sect. III.) 

It is usual to divide the rot into two kinds, the wet rot and the dry rot; the 
main distinction between them being, that in the one the gaseous products are 
evaporated, and in the other the greater part of them form into a new combina- 
tion, which is a species of fungus. Both, in a chemical sense, are produced by 
precisely the same causes ; with this exception, that a free evaporation determines 
it to be the wet rot ; a confined place, or imperfect evaporation, renders it the dry 
rot, as timber must be decomposed in becoming the food of a plant ; it is evidently 
the same with the putrefaction of chemists with different products* It is said that 
the decay of a post placed in the ground, or in water, is an example of the wet rot ; 
and it is assumed that the parts undergoing the process of decay are alternately 
wet and dry ; but the fact is, they are constantly supplied with that degree of 
dampness which is essential to putrefaction. Por *• timber being composed longi- 
tudinally of an assemblage of pipes or tubes, it is only necessary that one end of 
a log of wood should be placed in a damp or wet situation, to occasion the moisture 
to be conveyed to the opposite end by capillary attraction.^t Prevent a free 
change of atmospheric air, and a post so circumstanced, it is well known, would 
be affected with the dry rot. Hence it appears that those writers are mistaken 
who assert that they are " essentially different, both in the symptoms, the progress, 
and the causes." { 

When only the external paii; of a beam has been seasoned, and the sap has 
never been evaporated from the internal part, the rot wUl be an internal disease ; 
and where an internal decay of this kind is found, it proves that the timber has 
never been properly seasoned. Mr. Bowden, in the plate to his Treatise on the 
Dry B/Ot, gives figures of such a piece ; it appears to be of common occurrence ; 
and it is evident from such examples of decay, that the want of due time and 

* The author observed an mstance of this kind in the repairs at Kenwood (the seat of the Earl of 
Mansfield) in 1815 ; and similar ones at some other places since that time. Major Jones, of the Bojal 
Engineers, has also informed the Editor, that on one occasion he was called upon to report on the state of 
a building in Malta ; that the timbers had every external appearance of being sound ; but, on being bored 
with an augur, thej were found internally in a total state of decay. 

t EncydopsBdia Britannica, Supplement, art. " Dry Rot," p. 679. 

J Idem, p. 677. 
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attention in seasoning is one of the chief causes of the rapid decay of ships. In 
Mr. Bowden's specimen the exterior part, to the depth of two inches from the 
outside, was as sound as any wood could possihly be ; but the central part was 
filled with a fine, white, thread-like vegetation, extending within the above- 
mentioned two inches of the exterior surface, and uniting in a thick fungous coat 
at the end of the piece ;* thus showing the depth to which the seasoning had been 
effected* 

331. — In the first stages of rottenness the timber swells and changes colour, is 
often covered with mucor or mouldinens, and emits a musty smell. Where the 
rottenness is internal, or the timber is in a confined place, a new substance is 
formed between the fibres, of a spongy consistency, resembling the external coat 
of a mushroom ; and the substance itself has been ascertained to belong to the 
order Fungi of the Gryptogamia class of plants. 

When the fungus first appears on the sides and ends of timbers, it covers the 
surface with a fine white and delicate vegetation, called by shipwrights a mildew. 
These fine shoots afterwards collect together, and the appearance then may be 
compared to hoar-frost, and increases rapidly, assuming gradually a more compact 
form, like the external coat of a mushroom, but spreads alike over wood, brick- 
work, stone, and plastering, in the form of leaves, being larger or smaller most 
probably in proportion to the nutriment the wood affords. The colours of the 
fungus are various : sometimes white, greyish white, with violet ; often yellowish 
brown, or a deep shade of fine rich brown. 

It has been considered a question of some importance to determine how fungi 
are propagated, or from what they originate ; but as such an inquiry can be attended 
with little if any advantage in preventing the rot, it appears to be better to 
consider it only so far as it is a chemical change, leaving the question of their 
origin to the curious, as well as the distinction of the species of fungi. 

In the more advanced stages of rottenness the Woody fibres contract lengthwise, 
and shew many deep fissures across the fibres, similar to a piece of wood scorched 
by the fire. The woody fibres appear to retain their natural form, but easily 
crumble into a fine powder. In oak this powder is of a fine snuff-brown colour. 

The fungus, when it spreads upon the surface of the wood, often becomes of a 
considerable size, sometimes spreading over the adjoining walls, and ascending to a 
considerable height. 

The decayed state of a bam floor is thus described by Mr. B. Johnson : '^ An 
oak bam floor which had been laid twelve years began to shake, and on examina- 

* TreatLse on the Dry Bot, pp. 11 and IS. 
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tion was found to be quite rotten in yarious parts. The planks, 2^ inches in 
thickness, were nearly eaten through, except the outside, which was glossy, and 
apparently without blemish. The rotten wood was partly in the state of an 
impalpable powder, of a snuff colour; other parts were black, and the rest clearly 
fungus. No earth was near the wood."* 

332. — In timber of the same kind, that of the most sappy and rapidly grown 
trees is the most subject to decay. The wood of trees from the close forests of 
Germany or America is more subject to it than that of trees grown in more open 
situations ; and it is remarked by Mr. Barrow, that ^^ the timber brought from 
America in the heated hold of a ship, is invariably covered over, on being landed, 
with a complete coating of fungus.'*t Consequently, the timber must be infected 
with the seeds of decay before it is brought into use. Also, the custom of floating 
timber in docks and rivers injures it very much : it would be better to sink it com- 
pletely under water, as to half-immerse in water is the worst situation it can be 
placed in. 

333. — Though moisture be essential to the progress of decay, absolute wetness 
will prevent it, especially at a low temperature. In ships this has been particularly 
remarked, for that part of the hold of a ship which is constantly washed by the 
bilge- water is never affected by dry rot 4 Neither is that side of the planking of a 
ship's bottom which is next the water found in a state of decay, even when the 
inside is quite rotten, unless the rot has penetrated quite through from the inside. § 

334. — ^Warmth and moisture are the most active causes of decay ; and provided 
the necessary degree of moisture be present, the higher the heat the more rapid is 
its progress. In warm cellars, or in any close confined situations where the air is 
filled with vapour without a current to change it, the rot proceeds with astonishing 
rapidity, and the timber- work is destroyed in a very short time. The bread-rooms 
of ships, behind the skirtings and under the wooden floors or the basement stones 
of houses, particularly in kitchens or other rooms where there are constant fires, 
and in general in every place where wood is exposed to warmth and damp air, the 
dry rot will soon make its appearance. 

335. — All kinds of stoves are sure to increase the disease, if moisture be present. 
The effect of heat is also evident from the rapid decay of ships in hot climates. || 
And the warm moisture given out by particular cargoes is also very destructive ; 
such as cargoes of hemp,^ pepper, and cotton.** 

• Transactions of the Society of Arts, &c., vol. xxi, p. 294, 

t EncylopaBdia Britannica, Supplement, art. " Dry Rot," p. 689. 

X Bowden's Treatise on Dry Rot, p. 62. § Idem, p. 68. 

II Idem, p. 70. 1 Chapman on Preservation of Timber, p. 14. ♦• Idem, p.. 73. 



§ X.] NATURE AND FBOPEKTIES OF TIMBEE. 219 

336. — Building timber into new walls is often a cause of decay, as the lime and 
damp brick- work are active agents in producing putrefaction, particularly where 
the scrapings of rolids are used instead of sand for mortar. Hence it is that bond 
timbers, wall-plates, and the ends df girdqrs, joists, and lintels, are so frequently 
found in a state of decay. The old builders used to bed the ends of girders and 
joists in loam, instead of mortar, as is directed in the act of parliament for rebuilding 
the city of London.* In this place it may not be amiss to point out the dangerous 
consequences of building walls so that their principal support depends on timber. 
The usual method of putting bond-timber in walls is to lay it next the inside ; this 
bond often decays, and of course leaves the wall resting only upon the external 
course or courses of bricks ; and fractures^ bulges, or absolute failures, are the 
natural consequences. This evil is in some degree avoided by placing the bond in 
the middle of the wall, so that there is brick- work on each side, and by not putting 
continued bond for nailing the battens to.f 

Sut if the powerful lateral pressure of flat arches were avoided, so many ties 
or bond-timbers would not be necessary. The improper use of arches produces 
more fractures in buildings than any other cause. Nothing can be more absurd 
than the construction of the fronts of London houses ; they exhibit a continued 
series of stretchers and ties. Each range of arches is a line of stretchers, and the 
bond and wall plates are the ties ; and as the arches are close-jointed and well 
fitted on the outside, but open jointed and indifferently built in the inside, when 
the building settles it has a strong tendency to bulge outwards. Thus timber ties 
are necessary to secure an ill-constructed wall, which consequently cannot be 
more durable than the timber. 

As an example of the danger of trusting to timber in supporting heavy stone 
or brickwork, the failure of the curb of the brick dome of the Church of St. Mark, 
at Venice, may be cited. This dome was buUt upon a curb of larch timber, put 
together in thicknesses, with the joints crossed, and was intended to resist the 
tendency which a dome has to spread outwards at the base. In 1729 a large 
crack and several smaller ones were observed in the dome. On examination the 
wooden curb was found to be in a completely rotten state; and it was necessary to 
raise a scaffold from the bottom to secure the dome from ruin. After it was 

• 19 Car. II. c«p. 8. 

t In bad foundations it is veiy common to lay planks to build upon : unless these planks be absolutely 
wet, they are certain to rot in such a situation* and the walk settla, send most likely irregularly, which will 
rend the building to pieces. Instances of such kinds of &ilure frequently occur : it was found necessaiy to 
underpin three of the large houses in Qrosvenor-place at an immens9 expense. In one of these houses the 
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secured from falling, the wooden curb was remoyed, and a course of stone, with a 
strong bond of iron, was put in its place.* 

The bad effects resulting from damp walls is still farther increased by hasty 
finishing. To inclose with plastering and joiner's work the walls and timbers 
while they are in a damp state, is the most certain means of causing the building 
to fall into a premature state of decay. 

337. — ^There is another cause thsA affects all wood most materially, which is 
the application of paint, tar, or pitch, before the wood has been thoroughly dried. 
The nature of these bodies prevents all evaporation, and confines the internal 
moisture, which is the cause of sudden decay. Mr. Bramley remarks, that both 
oak and fir posts were brought into a premature state of decay by their having 
been painted prior to a due evaporation of their moisture ; f and painting affords 
no protection to timber against dry rot. 

On the other hand, the doors, pews, and carved work of many old churches 
have never been painted, and yet they are often found to be perfectly sound, after 
having existed above a century. X In Chester, Exeter, and other old cities, where 
much timber was formerly used, even for the external parts of buildings, it appears 
to be sound and perfect, though black with age, and has never been painted. 

Mr. Semple mentions an instance of some field-gates made of home fir, part of 
which, being near the mansion, were painted, while the rest, being in distant parts 
of the grounds, were not painted. Those which were painted soon became quite 
rotten, but the others that were not painted continued firm.§ 

Fainted floor-cloths are very injurious to wooden floors, and soon produce 
rottenness in the floors that are covered with them ; as the painted cloth prevents 
the access of atmospheric air, and retams whatever dampness the boards may 
absorb, and therefore soon causes decay. Carpets are not so injurious, but still 
assist in retarding free evaporation. 



floors were not less than three inches out of level : the planking had been seven inches thick, and was most 
of it completely rotten. It was of yellow fir. A like accident happened to Norfolk House, St. James's- 
square, where oak planking had been used. 

• Bondelet, TArt de B&tir, tome iv. p. 266 ; or Encyclopedic Methodique, Diet. Architecture, art. 
« Coupole." 

t Transactions of the Society of Arts, Ac., vol. xxi. p. 302. 

t Bees's Cydopaedia, art. " Timber." 

§ Treatise on Building in Water, p. 84. 
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PBEVENTION OF DECAT. 

338. — Having now noticed the chief causes of decay^ its prevention becomes 
the next object of inquiry. 

A proper seasoning of timber is the best means of securing it against decays 
whatever the cause of the decay may be : and in addition to what has been ahready 
said on seasoning (art. 821 to 326), it only remains to add, that the seasoning must 
be complete to be effectual. The time required for a complete seasoning depends 
on the size of the pieces ; and some correct experiments on this subject would be 
very valuable, if made on a large scale. 

339. — But however well timber may be seasoned, if it be employed in a damp 
situation, decay is the certain consequence ; therefore it is most desirable that the 
neighbourhood of buildings should be well drained, which would not only prevent 
the rot, but also increase materially the comfort of those who reside in them. The 
drains should be made water-tight wherever they come near to the walls ; as walls, 
particularly brick walls, readily draw up moisture to a very considerable height. 
Earth should never be suffered to rest against walls, and the sunk stories of 
buildings should always be surrounded by an open area, so that the walls may not 
absorb moisture from the earth. To prevent moisture rising from the foundation, 
some substance that will not allow it to pass should be used at a course or two 
above the footings of the walls. Sheets of lead or copper have been used for that 
purpose. To lay a few courses of slaty stones, that do not absorb much moisture^ 
would be useful ; but a better method is to build a few courses in height with 
Roman cement, instead of common mortar, and upon the upper course to lay a 
bed of about an inch in thickness of cement. As moisture does not penetrate this 
cement, it is an excellent material for keeping out wet ; and it is also a great 
improvement to a brick building to stucco it on the outside with any cement which 
keeps out moisture, as brick absorbs quickly all the moisture that comes in 
contact with it, and retains it for a length of time. 

340.— The walls and principal timbers of a building should always be left for 
some time to dry after it is covered in. This drying is of the greatest benefit to 
the work, particularly the drying of the walls ; and it also allows time for the 
timbers to get settled to their proper bearings, which prevents after settlements, 
and cracks in the finished plastering. It is sometimes said, that it is useful 
because it allows the timber more time to season; but when the carpenter 
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considers that it is from the ends of the timber that much of its moisture evaporates, 
he will see the impropriety of leaving it to season after it is framed, and also the 
cause of framed timbers of unseasoned wood failing at the joints sooner than in 
any other place. No parts of timbers require the perfect extraction of the sap so 
much as those that are to be joined. 

341. — ^ATso, when the plastering is finished, a considerable time should be 
allowed for the work to get dry again, before the skirtings, the floors, and other 
joiner's works be fixed. Drying will be much accelerated by a free admission of 
air, particularly in favourable weather. 

When a building is thoroughly dried at first, openings for the admission of 
fresh air are not necessary where the precautions against any new accessions of 
moisture have been e£PectuaL Indeed such openings only afford harbour for 
vermin, as the current of air through them is very seldom capable of carrying off 
any considerable degree of moisture ; for it is well known that air will not move 
in a horizontal direction without a more considerable change of density than can 
be obtained in such situations. The roof over the Egyptian Hall in the Mansion 
House, London, has a space of two feet in depth all round it, for the free circular 
tion of air between the roof and ceiling ; and in old Gothic buildings the roofs were 
generally well ventilated, which must have added much to their durability. But 
the construction of floors does not admit of the same facilities, and therefore floors 
are more subject to decay ; for, as Mr. Papworth very justly observes, " should 
the air absorb less moisture from the fungus than the timber affords to its vegeta- 
tion, the air will then increase the disease, and draw into fuller growth the fungus 
it has not the power to destroy ; but if dry air be admitted in a quantity adequate 
to cause that absorption, it will necessarily exhaust and destroy the fungus."* 
But such a quantity of dry air cannot, from the nature of the structure, be made 
to pass between the timbers of a floor, though sufficient may be admitted to 
accelerate its decay. 

342. — In floors next the ground we cannot easily prevent the access of damp, 
but this should be done as far as possible. All vegetable mould should be carefully 
removed, and, if the situation admits of it, a considerable thickness of dry materials, 
such as brickbats, dry ashes, &c., but not lime, should be laid under the floor, and 
over these a coat of smith's ashes, or of pyrites, where they can be procured. The 
timber for the joists should be well seasoned ; and it is advisable to cut off all 
connection between wooden ground-floors and the rest of the wood-work of the 
building. 

* Essay on the Causes of the Diy Bot, p. 43. 
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343. — It was long a general opinion that timber might be secured against the 
dry rot by impregnating it with some substance that would resist putrefaction : 
this opinion produced many schemes, and led finally to that recommended and 
patented by Mr. Kyan. (See Kyan*s Process, art. 348.) 

Common salt (muriate of soda) is found to protect the timber impregnated 
with it, when the proportion of salt is considerable. The large wooden props which 
support the roofs of the salt mines in Hungary, and are perpetually moistened 
with salt water trickling down them, are said to have suffered no decay for many 
centuries ;* and the incrustations of salt^ upon the timbers of vessels employed in 
parrying salt-fish preserve them a great number of years, t There are, however, 
strong objections to using solutions of salt, unless it be where it is of no import- 
ance whether the wood be dry or wet ; for the attraction of salt for moisture would 
keep the wood continually wet if moisture should be present. 

344. — Sea-water has been found effectual in clearing timber of fungus, by 
immersing it for several months. A ship called the Eden was cleared of every 
trace of fungus by remaining eighteen months under water. { Sut unless a 
solution of salt, so strong as to be objectionable from its attraction of water, 
could be used, there appears to be no well-grounded hope of its being useful ; as 
it is well known that common salt in small quantities assists the decomposition of 
vegetable matter. 

345. — Sulphate of iron (commonly called green copperas) appears to be more 
likely to answer the purpose. Wood boiled for three or four hours in a solution 
of sulphate of iron, and then kept some dayd in a warm place to dry, becomes so 
hard and compact that moisture cannot penetrate it. In the Swedish Transac- 
tions it is recommended for preserving the wood of wheel carriages from decay ;§ 
and Mr. Chapman observes, that the wooden vessels in which copperas is crystal- 
lized become exceedingly hard, and not subject to decay. II Mr. Chapman strongly 
recommends immersing timber in a solution of this salt on a large scale, in order 
to be used for ship-building. 

It is . stated that a method of saturating the pores of timber with an insoluble 
varnish has been discovered by Mr. U. Bill ; and that timber so saturated has 
resisted decay in the most trying circumstances for five years ; and the expense is 
said to be small.^ 

* Darwin's Phytologia, p. 520. 

t Bowden on Dry Eot, p. 162, 

X Ency. Brit. Supp., art. " Dry Eot," p. 682 ; or TransactionB of the Society of Arte, vol. zxxvi. p. 44. 

§ Xeuman, quoted by Chapman, on Preservation of Timber, p. 22. 

II Chapman on Preservation of Timber, p. 30. 

Y Papers on Naval Architecture, vol. i. p. 142. 
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346. — Dr. Darwin supposes that the rot in wood might he entirely prevented 
hj soaking dry timher first in lime water tUl it has absorbed as much of it as may 
he, and then, after it is dry, hy soaking it in a weak solution of sulphuric add in 
water. This acid will comhine with the lime in the pores of the timber, and form 
gypsum (sulphate of lime), and preserve it from decay if kept dry.* The benefit 
perhaps would not be equivalent to the trouble of this process. 

Boiling in alkalies has been proposed ; but as the alkalies dissolve and deoom- 
pose the woody fibre, f this process cannot be attended with advantage. 

847. — Quiddime, it has been already stated (art. 333), assists putrefieiction when 
aided by moisture. But where a great quantity of fresh quicklime is present, 
often in contact with the wood, so as to preserve it in a perfectly dry state, by the 
rapid absorption of water, this hardens the sap, and renders the wood veiy 
durable. Of this effect of lime Mr. Chapman had an opportunity of seeing proofs 
in the vessels employed in the Sunderland lime trade, some of which were forty 
years old, and very sound. | 



kyan's pbogess fob the fbeseevation of timbeb fbom dby box. 

348. — l^Tom the preceding articles it will be seen that the idea of preserving 
timber from rot by impregnating it with certain substances, is not of itself new ; 
nor is even the employment of the substance itself recommended by Kyan, viz* 
corrosive sublimate, a novel application ; for it will be seen, referring to art. 353, 
that Sir H. Davy had before recommended a wash of a weak solution of this sub- 
stance to check the progress of the rot in places where it had commenced, and 
which were under repair. Indeed corrosive sublimate had been long known as an 
anti-destructive, and has been, as such, long employed by anatomists to prevent 
the decay of the most delicate organic tissues and other parts liable to putrescence ; 
and by the application of this metallic preparation, they have been prevented from 
going to decay, and have been preserved for very long periods. 

849. — Kyan's process consists in applying this substance to timber for the 
prevention of rot ; that is, cases of decay, arising either from the action of the seed 
of cryptogamous plants vegetating in the wood, or from the presence of the albu- 
winous parts of the tree. In order to carry it into practice, large trunks of wood 

• Phytologia, p. 519. 

t Dr. Thomson's Chemistry, vol. iv. p. 183. 

X Chapman on Presenration of Timber, p. 16. 
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are prepared with cross beams, in order to wedge down the timbers placed therein 
for immersion ; that is, the timber which is to undergo the process is first placed 
therein, under those beams, and wedged down so as to prevent it from rising when 
the fluid, impregnated with the corrosive sublimate, is introduced. In this state 
it remains for about a week. The fluid is then pumped off, the timber taken out 
and dried, and is thus considered to be secure against the action of the destructive 
vegetation and decomposition which have been found so injurious to every kind of 
timber structure, from the smallest closet to the largest man of war. The same 
process is also adopted for preserving various substances not composed of wood, 
such as canvas, cotton, hemp, ropes, &c. 

350. — ^The inventor having satisfied himself of the efficacy of this process, laid 
his plan before the Admiralty, who were naturally desirous of some proof of its 
effect, and the inventor was therefore referred to the officers of Woolwich Dock- 
yard, where certain prepared and similar unprepared specimens were placed in 
what is called the fungus pit. Here the several specimens remained for three 
years. They were then taken out ; and it was found, generally, that the prepared 
specimens were sound, while those unprepared were in various stages of decay. One 
specimen was a piece of timber which came out at the end of the above period as 
sound as it went in ; but the unprepared timber had decayed up to the very joint : 
no part of it had been left ; it had decayed and become rotten throughout. These 
and similar experiments on timber, canvas, rope, &c. were made in the same 
establishment, and with similar results. 

In the mean time experiments of a like kind were made in the Arsenal, Wool- 
wich, in the Boyal Engineer department, the result of which will be seen by the 
following letters from the Commanding Engineer to Sir John May, Director of the 
Carriage Department. They are copied from vol. i. of the Professional Papers 
published by the Corps of B»oyal Engineers. 



Royal Carriage Department^ 
2hth March, 1835« 
Sib, 

According to your directions, I proceeded on the 9th instant with the Deputy 
Storekeeper and Constructor of this department, and Mr. Terry on the part of Mr, 
Kyan's patent, to examine the undermentioned articles, which have been eighteen 
months under trial, and I have to report as follows, viz. : 



226 



KATVEE AND PROFBBTIES QB TIHBEB. 



[§^- 



Placed in contact with, and under the flooring of the old Cadet hall, which is 
much affected with dry rot :— 

Prepared with Kycm^R Patent. 



inches. 

One piece of oak 24 inches 8x3 

One ditto ash 24 da 3x3 

One ditto ehn 24 do 3x3 

Threeditto Memel fir 23 do 4x2 

Three ditto American fir 23 do 4 X 2 



inches. 

One piece of white rope 5 

One ditto ditto 2i 

One ditto ditto H 

One ditto tent line, or cordage. 
Four ditto canvas. 



With duplicates of exactly similar materials " unprepared." 

We found all the rope, cordage, and canvas that were unsaturated with the 
patent, had hecome more or less rotten, except one piece of canvas; but no 
material alteration in the wood, except in one piece of Memel, and one of American 
** unpreparedy^ which, with their fellow pieces, ^^ prepa/red^^ Mr. Terry wished 
should be taken up, considering those two woods to be touched with **dry rot ;" 
the other fourteen pieces were left under the floor. 

We then had the following pulled out of the ground, into which they have 
been driven fifteen inches, and the tops exposed to a southern sun, and to drip, 
&c. under the eaves of a building, viz. : 



Prepared with KymCs Patent. 

inches. 



One piece of oak 24 inches 3 x 3 

One ditto a^h 24 do 3x3 

One ditto elm 24 do 3 x 3 



One piece of Memel fir 23 inches 4x2 

One ditto American fir 23 inches 4 x 2 



And exactly similar pieces of the same woods '* unprepared.'^ 

This trial appeared to have had rather more eflcct on the wood than the 
preceding one at the Cadet hall ; and as Mr. Terry wished all the pieces of wood 
which had been removed to be left to dry for a week, his request was complied with ; 
and at the end of ten days we saw them again, and only found materially damaged 
the one piece of elm which was '^ tmprepared,^* whilst the one ^^ prepared^* was 
perfectly sound. 

The whole of the pieces of wood, canvas, and rope that were removed, have 
been put back into their former situation, for further contact to dry rot, and 



§ X.] NATURE AND PB.OPSBTIES OF TIHBBB. 227 

exposure^ Soo., agreeably to your recommendation to the Boalrd^ that a second 
examination may be made eighteen months henbe. 

The wood used in the foregoing trials Was, oh an average, of about two years' 
seasoning. 

I have the honour to be, Sir^ &c. &c., 
(Signed) RICHARD HARDINGE, 

To Colonel Sir John May, K.C.B. Assistant Inspector, 

Royal Carriage Department, &c. &c. President. 



(Copy) Boyal CarricLge Office, Wbolmoh^ 

2&th Sept 1886. 
Sir, 
In furtherance of your directions, that a second examination should be made 
at the end of three years, to try the effect of Kyan*s Patent, I have again to report, 
(and referring to my former one to you of the 25th March, 1835,) that this day, 
accompanied by the same persons as on the first occasion, namely the Deputy 
Storekeeper and Constructor of this department, and with Mr. Terry on the part 
of Mr. Kyan, we examined the different pieces of wood, canvas, and rope submitted 
for experiment. 

1st. We agreed in considering, that on the ** prepared '* woods, canvas, rope, 
and cord laid down in contact with dry rot under the floor of the Cadet hall, no 
impression has been made, and on the duplicate pieces, ** unprepared," very little 
effect has taken place on the woods : but the canvas, and more particularly the 
rope and cord, are very much decayed. 

2nd. Of the pieces of wood partly driven into the ground under the eaVes of a 
building, and exposed to the united action of sun and rain, and damp earth, we 
also agreed, that all the five pieces of oak, ash, elm, Memel fir, and American fir, 
prepared '* with the patent, are quite sound, whilst of the duplicate pieces, 
imprepared," the elm and ash were rotten, and the progress of decay had com- 
menced in three others, the oak being least affected. 

The woods used in the foregoing trials had, previously to being put down, been 
seasoned two years. 

We then proceeded to examine what you, at Mr. Terry's request, had placed 
under the same test as the last-described woods, it appearing to be the most severe 
trial, viz. : 

A piece of oak, five feet long, three inches diameter. A piece of ash, two feet 
five inches and a half long, six inches and three quarters diameter. A piece of 
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elm, five feet one inch long, three inches one eighth diameter : — all of which came 
here quite in a green state, and with the hark and some leaves on them» and after 
heing split down the middle and marked, half of each specimen of wood was 
returned to be saturated with the patent, and when sent back again the whole were 
put down 31st March, 1836. 

They were taken up a few days ago to dry, and we find at the end of the year 
and a half, that the ^^ prepared** pieces, even to the preservation of the bark and 
sap, are perfectly sound, and the " unprepared " quite rotten. 

1 have the honour to be, Sir, &c. &c., 
(Signed) BICHAED HARDINGE, 

To Colonel Sir John May, K.C.B. Assistant Inspector. 

Inspector, S/oyal Carriage Department. 

P.S. After Mr. Terry was gone, the quality of the prepared two-inch rope was tried 
with heavy weights, against a piece of new rope of the same description, when the 
strength of the former did not appear to have been at all affected by the three 
years it had remained under the floor of the Cadet hall. R. H. 

351. — ^There could be no doubt, from these experiments, that the process the 
different articles had undergone acted as a preservative from the rot, under the 
circumstances in which they had been placed ; and the only doubt which seemed to 
hang over the inquiry was, whether the effect was permanent or temporary : if the 
effect were due to a simple impregnation, it might, under different circumstances, 
be removed, whereby the timber would be left in its original state, while a noxioua 
atmosphere might be generated, which would be extremely injurious to health in 
many cases, and particularly in ships of war. It is therefore highly satisfactory 
to state that Dr. Earaday has decided from experiment that the effect is not that 
of a mere mechanical impregnation ; but that a chemical combination takes place 
between the corrosive sublimate and the albuminous matter of the wood, forming 
thereby a new compound. This question being thus settled, we may next inquire 
to what depth the effect has taken place ; and it appears that hitherto it has not 
been traced to more than about half an inch from the surface : and it remains, 
therefore, perhaps still doubtful whether it will be found fully effective in large 
timbers. These indeed will be protected from contagion from other decayed wood ; 
but, for anything at present shewn, the rot may commence in them internally : 
still, however, if even this should be the case, much has undoubtedly been effected. 

362. — Some question having arisen as to the effect of Kyan's process upon the 
strength of the timber, the foUowing experiments were made by Capt. Alderson, 
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Bioyal Engineers, at which the Editor was present. Two pieces of ash, parted only 
by the saw, were formed, two inches square and three feet long ; and two pieces 
of Christiana deal of the same dimensions ; one of each was prepared, the other 
two unprepared, and they were then submitted to a trial of transverse strength 
and stiffness, at a clear bearing distance of 3di inches, as stated in the following 
table: 



Nmoiortiiewood. 


Spedftc gravity. 


Weight that ddlentad 
the wood one inch. 


Weight that broke 
the piece. 


^ , C Not saturated 

^^ [ Saturated 


786 
'780 

441 
417 


lbs. 

776 
999 

663 
719 


lbs. 
2231 
2175 

1279 
1167 



Prom these experiments, it would appear that the process diminishes both the 
specific gravity and the strength of the timber, but that it increases its rigidity. 



BEPAIES OF BUILDINGS AFFECTED WITH THE BOT. 



263. — ^To cure the rot is very difficult, and would be nearly, if not quite, as 
expensive a process as to put in anew the timbers afiPected with it ; but when new 
timber is put in, the old parts and the walls should have every particle of fungus 
removed from them, or killed by some wash for that purpose. External washes 
perhaps are not much further useful than so far as they hinder infection ; but to 
produce that effect they are perhaps the best application, because they can be 
applied with safety. A high degree of heat, that is, about 300^, would destroy all 
power of reproduction, but it cannot so well be applied : nevertheless, wherie pieces 
of wood are not materially injured by the rot, an oven might be contrived to expose 
them to a strong heat, which would destroy all vegetable life in the fungus, and 
they might then be washed with some of the solutions mentioned below, and used 
again with perfect safety. 

A solution of corrosive sublimate (bichloride of mercury) would answer 
very effectually as a wash. It was proposed by Sir H. Davy. A very weak 
solution does not produce the desired e^ect ; Chapman says there should be an 
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ounce of corrosive sublimate to a gallon of water, and it should be laid on hot.* 
No other metallic solution should be mixed with it. 

A solution of sulphate of copper (commonly called blue yitriol)i in the proper- 
tion of about half a pound of sulphate of copper to one gallon of water, used hot, 
makes an excellent wash, and is cheaper than the preceding one. 

A strong solution of sulphate of iron is sometimes used, but is not so effectual 
as that of copper ; and sometimes a mixture of the two solutions has been used. 

Coal tar is said to have been found beneficial ; but its strong smell is a great 
objection to its use ; where the smell is not of importance, it would assist in 
securing new timber which had been previously well dried. 

Charring new wood can only be expected to prevent infection ; as we have seen 
(art. 330) that decay may begin at the centre, and proceed without ever appearing 
at the surface of the beam ; and therefore if timber be not well seasoned, no per- 
manent good can be obtained from charring. 



TO PBBSEBVB WOOB EXPOSED TO THE WEATHEB. 

354. — ^When timber is exposed to the alternate action of dryness and moisture, 
the best means of securing it from moisture is the protection of the surface by a 
coat of some substance that moisture will not penetrate. 

The Dutch, for the preservation of their gates, drawbridges, sluices, and other 
large works of timber, which are exposed to the sun and perpetual injuries of the 
weather, coat them with a mixture of pitch and tar, upon which they strew small 
pieces of cockle and other shells, beaten almost to powder, and mingled with sea- 
sand, or the scales of iron beaten small and sifted, which protects then! in a most 
excellent manner, t 

Upon common painting, sanding is an excellent practice^ where it is exposed 
to the weather, being much more durable than common painting. 

Mr. Chapman proposes a composition which possesses the propelrties of 
impenetrability to moisture and flexibility. It consists in applying a paint made 
of sub-sulphate of iron (the refuse of the copperas pans), ground up with any 
cheap oil, and rendered thin with coal-tar oil, in which a little pitch had been 
dissolved. In the neighbourhoods of Newcastle and Glasgow the refuse of the 
copperas pans may be easily procured. J 

• Chapman on the Preservation of Timber, p. 152, t Evelyn's Silva, vol. ii. p. 219. 

J Chapman on Preservation of Timber, p. 147. 
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Another method of protecting timber is deeoribed by Mr. Semple, whidh appears 
to be so well calculated for the purpose, that in cases where it can be applied a 
better cannot be employed. It is described in his own words as follows : *' After 
your work is tried up, or even put together, lay it on the ground with stones or 
bricks under it to about a foot high, and bum wood (which is the best firing for that 
purpose) imder it till you thoroughly heat, Mid even scorch it all over; then, 
whilst the wood is hot, rub it over plentiftiUy with linseed oil and tar, in equal 
parts, well boiled together, and let it be kept boiling whilst you are using it ; a2id 
this will immediately strike and sink (if the wood be tolerably seasoned) one inch 
or more into the wood, close all the pores, and make it become exceedingly hard 
and durable, either under or over water."* 

No composition should, however, be applied till the timber has been well- 
seaBoned ; for to inclose the natural juices of the wood is to render its rapid decay 
certain. 



OF THE PREVENTION OF THE RAVAGES OF WORMS AND INSECTS. 

855. — Besides the decay of its parts, timber is subject to be destroyed by various 
worms and insects* Some woods are more subject to be destroyed by them than 
others ; such as alder, beech, birch, and in general all soft woods, of which the 
juices are of a saccharine nature. 

Against the common worm, oil of spike is said to be an excellent remedy, and 
the oil of juniper, or of turp^tine, will prevent tb^m in some degree. A free use 
of linseed oil is a good preventive, and so is a covering of copal varnish ; but these 
can be applied to small articles only. 

Evelyn recommends sulphur which has been immersed in aquafortis (nitriq acid) 
and distilled to dryness, which, being exposed to the air, dissolves into an oiL The 
parts to be secured from the worm are to be anointed with this oil, which does not 
give an unpleasent odour tp the wood.f 

lime is an excellent preservative against the wornx, aiid sap-wood should 
always be impregnated with it when used in a dry situation. 

As worms do not attack bitter woods, soaking wood in an infusion of quassia 
has been tried, which is said to have the desired effect* 

356. — ^The bottoms of ships, and timbers exposed to the action of the sea, are 

* Semple on Building in Water, p. 85. 

t Evelyn's Silva, vol. ii. p. 157. The effect of sulphuric acid (which this process would produce) is 
more than questionable. — £d. 1853. 
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often destroyed by the pipe- worm, or teredo navalis of naturalists. This creature 
is very small when first produced from the egg, but soon acquires a considerable 
size, being often three or four inches in length, and sometimes increases to a 
foot or more in length. Its head is provided with a hard calcareous substance, 
which performs the office of an augur, and enables it to penetrate the hardest wood. 
When a piece of wood, constantly under water, is occupied by these worms, there 
is no sign of damc^e to be seen on the surface, nor are the worms visible till 
the outer part of the wood is broken or cut away ; yet they lie so near the surface as 
to have an easy communication with the water by a multitude of minute perfora- 
tions. They were originally brought from India to Europe. 

Wood is eaten by them till it becomes like a honeycomb, yet there is an evi- 
dent care in these creatures never to injure one another's habitations, for the 
divisions between the worm-holes are entire, though often extremely thin. The 
fir and alder are the two kinds of wood they seem to destroy with the greatest, 
ease, and in these they grow to the greatest size. In oak they make slower 
progress, and appear smaller, and not so well nourished. 

They never touch bitter woods, and in solid or hard woods they make slow 
progress. Charring the surface of wood is not found to be of any use. 

A mixture of lime, sulphur, and colocynth, with pitch, is found to be a protec- 
tion to boards and the like. And rubbing the wood with poisonous ointments is 
a means of destroying them.* A mixture of tar, pitch, and the animal hair 
separated in tanning was formerly applied, with a sheathing of wood to keep it on, 
and lately the hair has been felted to apply under copper. A covering of thin 
copper with feltingt tarred between it and the wood, is the best protection for the 
bottoms of ships from all marine animals. 

A species of tholas (tholas striata) is another animal which is very destructive, 
not to timber only, but to stones, clay, &c., in water ; they make their attack in a 
similar manner to the pipe-worm, by burrowing when young, the entrances of the 
holes only about one-fourth of an inch in diameter ; and the animal, increasing in 
growth as it advances, forms a larger hole, till it arrives at maturity, when it 
ceases to bore ; it derives its sustenance from the water, and never bores so far 
that it cannot reach the water with its proboscis.! 

The Lepisma is also a destructive little animal, which begins to prey on wood 
in the East Indies as soon as it is immersed in sea water. The unprotected 

• Bees's Cyclopaedia, art. " Teredo." 

t The felting is manufactured under a patent right granted to Messrs. Boradaile and Co., London. 

X Wilcox, Papers on Naval Archit. toI. i. p. 160. 
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bottom of a boat has been known to be eaten through by it in three or four weeks : 
sheathing with copper or covering with felt, are the most certain meaHs of protec- 
tion against all these marine animals. 

Coal tar is also a good protection against their depredations. The pores of the 
wood should be saturated as far as possible with it ; and perhaps corrosive subli- 
mate might be used with advantage, by saturating the wood with a solution of it, 
and letting it dry before the tar be laid on. 

Whale oil is stated to be an effectual remedy, and has been successfally 
employed.* 

357. — There is another kind of worm which is very destructive to timber, which 
Mr. Smeaton observed in Bridlington piers. The wood of these piers, he says, is 
destroyed by a certain species of worm, differing from the common worm, whereby 
ships are destroyed. " This worm appears as a small white soft substance, much 
like a maggot ; so smaU as not to be seen distinctly without a magnifying glass, and 
even then a distinction of its parts is not easily made out. It does not attempt to make 
its way through the wood longitudinally, or along the grain, as is the case with the 
common ship worm ; but directly, or rather a little obliquely, inward. They do 
not appear to make their way by means of any hard tools or instruments, but rather 
by some species of dissolvent liquor, furnished by the juices of the animal itself. 
The rate of progression," he was informed, '^ is, that a three-inch oak plank will be 
destroyed in eight years by their action from the outside only."t ^^ is more 
subject to be destroyed by this worm than oak. 

To prevent the destructive effects of these worms, Mr. Smeaton recommended 
that the timbers of the piers should be squared, and made to fit as close together 
as possible ; to fill all the openings left with tar and oakum, and level the face, and 
cover it with sheathing, as ships are covered. 

These worms do not live except where they have the action of the water almost 
every tide ; nor do they live in the parts covered with sand. The wooden piles of 
embankments and sea-locks suffer much from these worms ; and in the sea-dykes 
of Holland, they cause very expensive annual repairs. 

The remedies that resist the ship worm would no doubt be effectual against 
these. 

358. — ^The termite or white ant (a species of the genus termes^ and of the aptera 
order of insects in the LmnsBan system) is represented by linnseus as the greatest 
calamity of both Indies, because of the havoc they make in aU buildings of wood^^ 

* Chapman o^ Preservation of Timber, p. 43. 
t Smeaton's Beports, vol. iii. p. 188. 

H H 
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in utensils, and in farniture ; nothing but metal or stone can escape their destruc- 
tive jaws. They frequently construct nests within the roofs and other parts of 
houses, which they destroy if not speedily extirpated. The larger species enter 
under the foundations of houses, making their way through the floors, and up the 
posts of buildings, destroying all before them.* And so little is seen of their 
operations, that a well-painted building is sometimes found to be a mere shell. 

Corrosive sublimate is highly poisonous to these ants ; therefore, to impregnate 
the timber with a solution of it would prevent their ravages. Arsenic is also very 
destructive to them, and they do not destroy wood impregnated with oil, particu- 
larly essential oils.f Thunberg found cajeput oil effectual in destroying the red 
ants of Batavia ; he used it to preserve his boxes of specimens from them. When 
ants were put into a box anointed with this oil they died in a few minutes. | 



OF THE DURABILITY OP TIMBER. 

369. — ^The carpenter who feels any delight in the progress of his art cannot be 
insensible to the advantage of giving durability to his materials ; nor yet be unin- 
terested in any inquiry into the probable extent of their duration. Not that his 
fame as an artist rests solely on the extent of their duration ; for while his produc- 
tions are worthy of imitation, the remembrance of them will be preserved by the 
engraver's art as long as there shaU be men capable of paying a just tribute to the 
memory of departed merit. The French army, in 1799, destroyed the celebrated 
bridge across the Hhine at Schaffhausen ; but 'the fame of Grubemnann the 
carpenter will long continue ; and the form of that excellent specimen of the art 
wiU only cease to be remembered when carpentry itself no longer exists. 

It must also be remembered, that to give durability to his materials is one 
branch of the carpenter's art ; and that to be defective in this particular is as much 
to his discredit, as to be unacquainted with the geometrical or mechanical prin- 
ciples of carpentry. 

As examples bf the duration of timber, we have collected the following notices ; 
and must, though not without regret, leave the subject to be extended by those 
who have better means of rendering it more complete. 

Of the durability of timber in a wet state, the piles of the bridge built by the 

• Eees's Cydopsedia, art. " Termite." 

t Supp. to Encyclopaedia Britannica, art. " Ant ; " and Chapman on Preservation of Timber, p. 148. 

X Thunberg's Travels, vol. ii. p. 300. 
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Emperor Trajan across the Danube are an example. One of these piles was taken 
up, and found to be petrified to the depth of three-fourths of an inch ; but the 
rest of the wood was little dififerent from its ordinary state, though it had been 
driven more than sixteen centuries.* 

The piles under the piers of London Bridge had been driven about 600 years, 
and from Mr. Dance's observations, in 174<6, it does not appear that they were 
materially decayed ;t indeed they were found to the last sufficiently sound to sup- 
port the massy superstructure. They were chiefly of elm. 

360. — We have also some remarkable instances of the durability of timber 
when buried in the ground. Several ancient canoes have been found in cutting 
drains through the fens in Lincolnshire, which must have lain there for many ages. 
In the Journal of Science, &c., published at the B/oyal Institution, one of these 
canoes is described, which was found at the depth of eight feet below the surface 
of the ground. It was 30 feet 8 inches long, and 3 feet wide in the widest part, 
and appears to have been hollowed out of an oak tree of remarkably fine free-grained 
timber, t 

Also, in digging away the foundation of old Savoy Palace, London, which was 
built 650 years ago, the whole of the piles, consisting of oak, elm, beech, and 
chestnut, were found in a state of perfect soundness ; as also was the planking 
which covered the pile-heads. Some of the beech, however, after being exposed to 
the air a few weeks, though under cover, had a coating of fungus spread over its 
surface.^ 

361. — On opening one of the tombs at Thebes, M. Belzoni discovered two 
statues of wood, a little larger than life, and in good preservation ; the only 
decayed parts being the sockets to receive the eyes. The wood of these statues is 
probably the oldest in existence that bears the traces of human labour. || 

A continued range or curb of timber was discovered in pulling down a part of 
the Keep of Tunbridge Castle, in Kent, which was built about 700 years ago. This 
curb had been built into the middle of the thickness of the wall,^ and was no doubt 
intended to prevent the settlements likely to happen in such heavy piles of building ; 
and therefore is an interesting fact in the history of constructive architecture, as 
well as an instance of the durability of timber. 

* Buffon, Freaves de la Th^orie de la Terre. 

t Hutton's Tracts, vol. i. p. 119. 

X Journal of Science,' &c., vol. i. p. 244. 

§ Supp. to EncyclopsBdia Britannica, art. " Dry Eot," p. 864. 

II Quarterly Review, vol. xix. p. 422 ; or Supplement to Encydopsedia Britannica, art. " Dry Rot." 

^ King's Observations on Ancient Castles, p. 99. 

H H 2 
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In digging for the foundations of the present house at Ditton Park, near 
Windsor,: the timbers of a drawbridge were discovered about ten feet below the 
surface of the ground ; these timbers were sound, but had become black. Hake- 
well says, that Sir John de Molines obtained liberty to fortify the Manor-house at 
Ditton, in 1396 ;* and it is most probable the drawbridge was erected soon after 
that time ; and accordingly the timber had been there about 400 years. 

362. — ^The durability of the framed timbers of buildings is also very consider^ 
able. The trusses of the old part of the roof of the Basilica of St. Paul, at Home, 
were framed in 816, and were sound and good in 1814, a space of nearly a thousand 
years. These trusses are of fir.t 

The timber- work of the external domes of the church of St. Mark at Venice, is 
more than 800 years old, and is stUl in a good state. { And Alberti observed the 
gates of cypress to the Church of St. Peter at Pome, to be whole and sound after 
being up 550 years. § 

The inner roof of the chapel of St. Nicholas, King's Lynn, Norfolk, is of oak, 
and was constructed about 450 years ago.|| 

Daviller states, as an instance of the durability of fir, that the large dormitory 
of the Jacobins' Convent at Paris had been executed in fir, and lasted 400 years.^ 

The timber roof of Crosby Hall, in London, was executed about 360 years 
ago ;** and the roof of Westminster Hall, which is of oak, is now above 450 years old. 

The rich carvings, in oak which ornamented the ceiling of the king's room in 
Stirling Castle, are many of them still in good preservation. It is nearly 300 years 
since they were executed, and they remained in their original situation till a part 
of the roof gave way in 1777, when the whole was removed, and has since been 
dispersed among the collectors of curious relics of old times, ft 

Moreton Hall, in Cheshire, where " the staircase winds round the trunk of an 
immense oak tree," and the building itself is chiefly constructed of wood, has now 
existed 250 years, tt 

• History of Windsor, p. 3 29. 

t Eonddet, TArt de B&tdr, tome iv. p. 168. J Idem, tome iv. p. 269. 

§ Alberti, book ii. chap. yi. 

II Britton's Architect. Antiq. vol. iii. p. 58. This is far from an unusual duration for church roof-tim- 
bers, as those of the oldest English cathedrals have not, in general, been renewed since their erection ; and 
those over the naves and transepts of Winchester and Ely were begun a very few years after the Conquest. — 
Edit. 1853. 

% Daviller, Cours d' Architecture, tome ii. art. " Bois." *♦ Idem, vol. iv. p. 137. 

tt Lacunar Strevelinense, p. 4. This work is a collection of engravings of the carvings ; and some of the 
borders might furnish useful hints to artists. 

Xt Britton's Ajchit. Antiq. vol. ii. p. 83. 
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And Mr. Britton describes an old house at Islington, constructed chiefly of 
wood, which he has ascertained to be about 200 years old.* 

363. — Other notices of extraordinary durability wiU be found in the descriptions 
of the different kinds of wood. But enough already has been collected to shew 
that timber is very durable where nothing more than ordinary means hare been 
used to render it so ; that is, nothing more than judicious selection and good 
seasoning. Every permanent support should be a good and sound piece of timber : 
inferior kinds should be used for temporary purposes, and where no strain occurs, 
and consequently where they can be easily renewed without injury to the strength 
of the bmlding. 

Mr. Barrow, in writing on this subject, very judiciously remarks, " that the 
felling of timber while young and fuU of vigour, making use of the sap-wood, and 
applying it to ships and buildings in an unseasoned state, have no doubt contri- 
buted to make the disease of dry-rot infinitely more common and extensive than it 
was in former times, when our ships were hearts of oak, and when, in our large 
mansions, the wind was suffered to blow freely through them, and a current of 
air to circulate through the wide space left between the pannelled wainscot and 
the wall. In those old mansions which yet remain, and in the ancient cathedrals 
and churches, we find nothing like dry-rot, though perhaps 

* perforated sore 

And drilled in holes, the solid oak is found 

Bj worms Yoracious eaten through and through.' "f 

364. — In regard to the durability of different woods, the most odoriferous kinds 
are generally esteemed the most durable ; also woods of a close and compact 
texture are generally more durable than those that are open and porous ; but 
there are exceptions, as the wood of the evergreen oak is more compact than that 
of the common oak, but not near so durable. 

Sir H. Davy has observed, that, " in general, the quantity of charcoal afforded 
by woods offers a tolerably accurate indication of their durability : those most 
abundant in charcoal and earthy matter are most permanent ; and those which 
contain the largest proportion of gaseous elements are the most destructible. 
** Amongst our own trees,'* he adds, " the chesnut and the oak are pre-eminent as 



* Britton's Archit. Antiq. vol. ii. p. 85. Such houses are still sufficiently common : indeed most of our 
4>mamented timher fronts are considerably older. The city of Beauvais is full of rich specimens in a style 
400 yean old, and a few ^f the same age exist in Bouen, Salisbury, and Shrewsbury. — Edit. 1853. 

t Supplement to Encyclopsdia Britamiica) art. ** Dry Bot." 
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to durability, and the chestnut affords rather more carbonaceous matter than the 
oak."* But we know from experience, that red or yellow fir is as durable as oak 
in most situations, though it produces less charcoal by the ordinary process. We 
have added, for the information of the reader, the following table of the quantity 
of charcoal afforded by 100 parts of different woods. 



Table of the Quantitj/ of Charcoal in a hundred Parts of Wood, (wcording 

to different Experimentaliata. 



Kind of wood. 


Watson.f 


Mushet4 


Proust. § 


Romford. § 


Oak, dry 

Chestnut 

Mahogany 

Walnut 

Ebn 

Beech 

Fir 

Norway pine 

Pine 

Scotch pine 

Aph 

Poplar 

Lime 

Birch 

Sycamore 


22-92 

20-82 
26-04 

15-62 
17-71 


22-6 
23-2 
25-4 
20-6 
19-5 
19-9 

192 

16-4 
179 

17'4 
19-7 
18-4 


19 

20 
17 


43 

43-27 
44-18 

43-57 
43-59 


Sallow 



In Count Rumford's experiments a longer period was allowed for the process ; 
?ind, in consequence, his results represent more nearly the real quantities of carboa 
in each kind of wood than the others. But even according to the common process 
it does not appear that the proportion of charcoal is a satisfactory criterion of the 
durability. 

365, — An experiment to determine the comparative durability of different woods 
is related in Young's Annals of Agriculture, which will be more satisfactory than 



* Agricultural Chemistry, p. 254, 8to. edit. ; p. 221, 4to. edit. 



t Chemical Essays, vol. iiL p. 27. 

§ Dr. Thomson's System of Chemistry, vol. iv. p. 185, 



X Philosophical Magazine, vol. ii, p. 183. 
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any speculative opinion ; and it is much to be regretted that such experiments 
have not been oftener made. 

" Inch-and-half planks of trees from thirty to forty-five years' growth, after ten 
years standing in the weather, were examined and found to be in the following 
state and condition : 



Cedar, perfectly sound. 
Larch, the heart sound, but 

sap quite decayed. 
Spruce fir, sound. 
Silver fir, in decay. 
Scotch fir, much decayed. 
Pinaster, quite rotten. 



Chestnut, perfectly sound. 
Abele, sound. 
Beech, sound. 
Walnut, in decay. 
Sycamore, much decayed. 
Birch, quite rotten."* 



This shews at once the kinds that are best adapted to resist the weather ; but 
even in the same kind of wood there is much difference in the durability ; and the 
observation is as old as Pliny, *^ that the timber of those trees which grow in moist 
and shady places is not so good as that which comes from a more exposed situation, 
nor is it so close, substantial, and durable ;"t and Yitruvius has made sinodlar 
observations. X 

Also split timber is more durable than sawn timber, for in splitting, the fissure 
follows the grain, and leaves it whole, whereas the saw divides the fibres, and 
moisture finds more ready access to the internal parts of the wood. SpKt timber 
is also stronger than sawn timber, because the fibres being continuous, they resist 
by means of their longitudinal strength ; but when divided by the saw, the resist- 
ance often depends upon the lateral cohesion of the fibres, which is in some woods 
only one*twentieth of the direct cohesion of the same fibres. Por the same reason 
whole trees are stronger than specimens, unless the specimens be selected of a 
straight grain ; but the difference in large scantlings is so small as not to be 
deserving of notice in practice. 

Before proceeding to describe the particular woods, it will be necessary to 
explain the differences in their structure, and to make the reader acquainted with 
the means that have been adopted to ascertain their properties. 



* AnnaU of Agriculture, vol. vi. p. 256. t Plin7, as quoted by Evelyn, Silva, vol. i. p. 87. 

X Yitruvius, book ii. chap. ix. 
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OF THE STRUCTURE AND CLASSIFICATION OF WOODS. 

366. — To the experienced eye of a workman the general appearance of each 
variety of wood has become so familiar, and its most obvious characters are so 
strongly impressed on his memory, that he readily knows them one from another ; 
but, nevertheless, the notice of some characters that are peculiar to certain kinds 
of woods may be of use, especially to young men, who will find both information 
and amusement in making collections of specimens, in examining their properties, 
and in rendering themselves familiar with their uses.* 

In a section of a tree it clearly appears that the wood is composed of separate 
layers, or rings, regularly disposed round the pith, which is in general nearly in 
the centre of the tree ; but the thickness of these layers is seldom if ever perfectly 
regular. 

When examined by a magnifier, the wood appears to consist of fine divisions 
like rays, spreading from the pith to the bark, with pores between them, often 
empty, but sometimes filled with some kind of vegetable matter. In the resinous 
woods most of the pores are filled. 

Besides the fine divisions, which are often scarcely to be distinguished by the 
naked eye, there are, in some woods, other divisions that are larger ; like larger 
rays passing from the pith to the bark, they are generally of a light silvery colour, 
and are called the silver grain, or larger transverse septa. When a piece of 
wood is cut so as to pass obliquely through the larger septa or silver grain, it 
produces that fine flowered appearance so weU known in the oak. 

The fine divisions, or lesser tranverse septa, are common to all woods except 
the palm, though in some they are not very distinct ; but there are only some 
kinds that have the larger septa, or silver grain ;t therefore this forms a natural 
character for distinguishing the kinds of wood. And they may be divided into 
two classes, one that has, and the other that has not, the larger septa or silver 
grain. 

* It is a good rule to preserve a specimen of each piece a person makes an experiment upon ; such a 
collection is invaluable as an appendage to tables of experiments. 

t As the term silver grain is used to denote both the smaller and larger septa, we shall follow the 
example of Mr. EUis (Vegetable Anatomy, Supplement to the Encyclopaedia Britannica, p. 382), and employ 
the terms larger transverse septa, and lesser transverse septa. We would rather have used l^e term sHy^ 
grain ; but if so, it must have been in a restricted sense, and in such cases new terms are less likely to 
mislead. 
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Again, in some woods each annual layer or ring seems to be nearly uniform in 
its texture, and the line of separation between the layers is not very distinct, being 
so indistinct in some woods as to be '* as it were shadows of circles, nothing real." 
Mahogany is an example of this structure ; and the robinia caragna of Hill is of 
this kind.* 

But in other woods one part of the layer is nearly compact, and the rest of it 
presents the appearance of a circle of empty pores ; of which we have an example 
in the ash. This structure is remarkably distinct in Hill's section of the arbutus. f 

There is a third kind, in which nearly all the pores appear to be filled with 
resinous or gummy matter ; and one part of the layer consists of a compact, hard, 
and dark-coloured substance, the other part is lighter coloured and softer. All the 
resinous woods are of this kind. 

367. — ^According to these distinctions the arrangement of the following table is 
made. 



^ Dhmon 1. — ^Very distinct annual rings, 
one side porous, the other compact. 



I 



Class I. — ^With larger tnvns- ^ 
verse septa. 



JHmsion 2. — ^Annual rings not very dis- 
tinct, and their texture nearly uniform. 



00 

O ^ 

o 



Dwision 1. — Annual rings very distinct, 
one side porous, the otter compact. 



Class n. — ^No larger trans- 
verse septa. 



Division 2.— Annual rings not very dis- ^ 
tinct, and their texture nearly uniform. 



Oak. 

Beech. • 
Alder. 
Plane. 
Sycamore. 

Chesnut. 
Ash. 
Ehn. 
False acacia. 

Mahogany. 

Walnut. 

Teak. 

Poona. 

African Teak. 

Poplar. 



Division 8.— Annual rings very distinct, 
pores filled with resinous matter; one 
part of the ring hard and heavy, the 
other soft and lighter coloured. 



Cedar of Lebanon. 
Larch. 
Yellow fir. 
White fir. 
American pine. 
Cedar. 
V. Cowrie, 



• Hill on the Construction of Timber, p. 136. 



t Idem, p. 137. 
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The only properties of wood which seem to require explanation are the cohesive 
force, the modulus of elasticity, permanent alteration, the stiffness, the hardness, 
and the toughness. 

368. — ^The cohesive farce of a har or heam is equal to the power or weight that 
would pull it asunder in the direction of its length. The weight that would pall 
asunder a har of an inch square of different kinds of wood has heen ascertained 
by experiments. Of these experiments we have taken the highest and lowest 
result for each kind of wood. Experiments have been made by Muschenbroek,* 
Emerson, t Rondelet, J Anderson, Barlow, § and Bevan (art. 76). 

369. — ^The modulus of elasticity is the measure of the elastic force of any sab- 
stance. Dr. Thomas Young has by means of it given some very elegant demon- 
strations of the laws of resistance. || As it is the measure of the elastic force, its 
use must be evident when it is considered that it is only the elastic force of timber 
that is employed in resisting the usual strains in carpentry; and the learned 
reader will readily perceive, that the constant numbers employed in the rules for 
the stiffness of timber have for one of their elements the modulus of elasticity. 

By means of the modulus of elasticity the comparative stiffness of bodies can 
be ascbrtained. Por instance, its weight for cast-iron is 18,240,000 poimds, and 
its weight for oak is 1,714,500 pounds. Hence it appears that the modulus for 
cast-iron is 10*6 times that of oak, and therefore a piece of cast-iron is 10*6 times 
as stiff as a piece of oak of the same dimensions and bearing.^ 

369 a. — Permanent alteration of structure takes place when a certain degree of 
strain continues for above a certain time, and as this alteration is a partial fracture, 
or at least failure of the material, it is of the greatest importance that the strain 
should never be more than that producing such alteration, and in timber this 
appears to be about one-fifth of the cohesive force. (See art. 104.) 

370. — A hard body is that which yields least to any stroke or impressive force ; 
and it may be shewn, by the principles of mechanics, that in uniform bodies the 
degree of yielding is always proportional to the weight of the modulus of elasticity ; 
therefore a table containing the weights of the modulus of elasticity of such bodies 
shews also their relative hardness and stiffness. 

The relative hardness is determined with considerable accuracy by means of 
the modulus of elasticity ; but the methods used for ascertaining the hardness of 
mineral bodies is very defective : and the method proposed by Dr. O. Gregory,** 



* Intro, ad Phil. Nat., tome i. p. 414. 
X L'Art de Bdtir, tome iv. 
II Lectures on Natural Philosophy, vol. ii. 
•* Treatise on Mechanics, vol. i. art. 348. 



t Mechanics, 4to edit. sect. viii. 

§ Essay on the strength of Timber, &c. 

% See Essay on the Strength of Iron, sect. v. 
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from the theory of percussion, is not susceptible of any tolerable degree of accu- 
racy, from the difficulty of making correct experiments. 

As the hardness follows the same laws as the stiffness, cast-iron is 10*6 times 
as hard as oak. But it is necessary to inform the reader, that when the substance 
is not uniform, the hardness thus found is that of the hardest part. Thus, in fir, 
it is the darker part of the annual ring that is the hardest, and which determines 
the extent to which a beam will bend without fracture. Dry wood is harder than 
green ; consequently it is more difficult to work. The labour of sawing dry oak is 
to that of sawing green as 4 is to 3,* nearly. 

371. — In respect to the toughness of woods, that wood is the toughest which 
combines the greatest degree of strength and flexibility ; hence that wood which 
bears the greatest load, and bends the most at the time of fracture, is the toughest. 
From the data obtained by the author in the course of his experiments, the com- 
parative toughness has been ascertained ; except in a few instances, where he had 
not specimens sufficiently long for experiments. In such cases Mr. Barlow's 
experiments have been csdculated from. 

372. — ^The opposite to hardness is softness, the opposite to toughness is brittle- 
ness, and the opposite to stiffness is flexibility; therefore, when the hardness, 
toughness, or stiffness of a wood is expressed by a low number, it may be con- 
sidered to have the opposite quality. . 

373. — Oak in the following articles has been made the standard of comparison ; 
its strength, toughness, and stiffness, each having been assumed to be 100 ; and 
in so doing, the mean strength of oak is taken at 11,880 pounds per square inch, 
and its modulus of elasticity at 1,714,500 pounds for a square inch. 

Having thus laid before the reader the means adopted for arriving at the pro- 
perties of the woods, we scarcely need say that it is those properties which deter- 
mine its fitness for the different purposes of carpentry. In some cases stiff woods 
are required, as in the joists and rafters of a building ; in other cases tough wood 
should be employed, as for the shafts of carriages ; and in other cases strength is 
necessary, as in ties, and other timbers strained in the direction of their length. 

Tough woods, which are also hard, are the most difficult to work, especially if 
cross-grained ; on the contrary, brittle woods work easily ; and hard woods pre- 
serve the best surface. 

In general, where straightness is desirable, stiff woods should be preferred ; 
where sudden shocks are to be sustained, tough woods are the best ; where little 
strength is required, but much labour is to be put upon it, a soft brittle wood 

* Belidor'g Architecture Hydraulique, tome i. p. 342. 
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should be preferred ; and where a fine surface is to be preserved, a hard wood 
should be chosen ; so that it is not in carpentry alone that these researches will be 
useful, for they are equally applicable to any art where timber is employed ; and 
particularly in that most important application of carpentry, Naval Architecture. 



DESCRIPTION OF WOODS. 



CLASS I. 

374. — ^The first class contains all woods that have larger transverse septa (silver 
grain). The woods of this class are compact, hard, and heavy ; never very deep 
coloured, the oak being the darkest coloured of the dass ; they are nearly fifee 
from smell, and never resinous. 

This class is formed into two divisions : one containing those woods in which 
the annual rings are distinctly porous on one side, and compact, or nearly compact, 
on the other ; the other division contains those in which the annual rings are 
sensibly uniform, and only to be distinguished by a difference of colour. 



DIVISION I. 



376. — In this division we have only observed one species, the oak, which is 
universally allowed to be the best of woods. 



1. — Oak. 

376. — Of the oak (the Q^ercm of botanical writers) there are several species, 
which produce valuable timber. Yitruvius enumerates five kinds, viz., the esculus, 
the cerrus, the quercus, the suber, and the robur ; the timber of each being dis- 
tinguished by its peculiar properties : * but it would be difficult to identify some 

* Lib. ii. cap. ix. 
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of the kinds mentioned by him with the species described by botanical writers. 
Yitruvius, by his observations, shews that the qualities of the different species 
were attended to ; and they must also have been well understood by the Grothic 
builders in this country, for in the roofs and beams of most of their buildings we 
find a very superior kind of oak, which sometimes closely resembles, and is often 
mistaken for chesnut. (See art. 384.) This kind of oak is sometimes called the 
^* Irish oak." Evelyn commends the Irish oak for resisting the worm ;* but to 
what species of odk he alludes we have not been able to determine* 

At the present time the Sussex oak is esteemed the best which England affords : 
its superiority, according to Marshall, is chiefly to be attributed to the nature of 
the soil ;t perhaps also in some degree to good management, for the management 
of woods makes a considerable difference in the value of the timber. Miller states, 
that he observed many large trees of the kind with long stalks to the acorns in the 
wolds of Kent and Sussex. | Erom this it would appear that the common, and 
consequently the valuable, Sussex oak, is not of that species ; but whether it be or 
not, we have not been able to ascertain. 

In general the English oak is spoken of by practical men as though there were 
but one species, and no difference in the quality of the wood, except that produced 
by soil and situation ; but two distinct species have been long known to EngHsh 
botanists ;^ and it appears, from the observations and inquiries we have made, 
that the kinds which are common in different districts are different species* We 
have not been able to extend our observations on this point so far as desirable ; 
but as the different species differ materially in their properties, it is of national 
importance that the best species of ship-timber should be most commonly culti- 
vated ; therefore it is hoped the investigation will be continued. 

Common British oak {Quercus robur)^ is found throughout the temperate parts 
of Europe, and is that which is most commonly met with in the woods and hedges 
of the South of England. 

* Silva, Hunter's edit. vol. ii. p. 222. 

t Bural Economy of the Southern Counties, voL ii. p« 100. 

% Gardener's Dictionaiy, art. *' Quercus." 

§ See Bay's Synopsis Methodica Stirpium Britannicarum, p. 440. 

II This tree is the quercm pedmumlata of Willdenow and some other botanists : Sir J. E. Smith makes 
it quercus rohur. Flora Brit. vol. iii. 1026, and states that Linnaeus, as well as the British botanists, have 
always considered it to be the robur ; we have therefore followed his authority. It also appears to be the 
rolmr of Yitruvius, for he states that the robur is less subject to warp than the quercus (book ii. chap, iii.) ; 
now this is precisely the case with the two English oaks, as the wood of the robur of Smith is much less 
subject to warp than that of the sessiliflora. Again, the description given by Yitruvius of the wood of the 
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The leaves of this species are irregularly sinuated, with short or scarcely any 
foot-staUcs; the acorns have long stalks. In favourahle situations this species 
attains an immense size. A fine healthy tree, growing (in 1820) in the grounds 
of Earl Cowper, at Panshanger, Herts, measured nearly 18 feet in circumference, 
at 5 feet from the ground ; and the whole height of the tree exceeded 75 feet. 

The wood of this species has often a reddish tinge ; the larger septa are always 
very numerous, producing large flowers ; the grain is tolerably straight and fine, 
and it is generally free from knots ; sometimes closely resembling foreign wainscot. 
It splits freely, and makes good laths for plasterers and slaters ; and it is decidedly 
the best kind of oak for joists, rafters, and for any other purposes where stiff and 
straight-grained wood is desirable. 

The sessile- fruited oak, bay-osJc of Bobart, Norwood oak of Martyn (Quercus 
aessiliflara), is a native of the woods and hedges of the temperate parts of Europe, 
and appears to have been first noticed as a distinct species in this country by Mr. 
Bobart, in Bagley Wood, and near Newbury in Berkshire.* It has been observed 
by Miller, near Dulwich, in Surrey ; and it appears to be the common oak of the 
neighbourhood of Durham, and perhaps geneiuUy of the North of England. 

A few trees of this kind have been observed by Mr. Atkinson, in the grounds 
of Thomas Hope, Esq., near Dorking, Surrey ; and there are also some very fine 
trees in the Earl of Mansfield's grounds at Kenwood, t where the author had an 
opportunity of comparing the trees of the two species ; but could not observe any 
difference in their growth or general form, except that the sessile-fruited oak had 
a more graceful appearance, which renders it superior as an ornamental tree. 

The leaves have longish foot-stalks, often nearly an inch long, and they are 
more regularly and less deeply sinuated than those of the robur. The acorns sit 
close to the branches, having very short or scarcely any stalks. 

The wood is of a darker colour than that of the robur, and the larger septa are 



quercus (in book ii. chap, ix.) agrees in everything with the properties of that of the sessile -fraited oak ; 
and as he describes the wood only, it is by it alone that the species is to be known. Perrault (in his notes 
on Vitruvius) and Evelyn (in his Silva) apply the name robur to the sessile-fruited oak : but had either of 
these writers known that the wood of the sessile-fruited oak is more flexible than that of the other kind, 
they would not have done so; for it appears to have been merely the import of the name that they had in 
view. 

• Eay's Synopsis, &c. p. 440. Flora Brit. vol. iii. 1026, 7. 

t These trees were first pointed out to the author by his brother, whose assistance in collecting and 
oxamining specimens of the leaves, fruit, and wood of these and other trees was veiy useful. 
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not 60 abundant ; sometimes there are very few septa. The smoothness and gloss 
of the grain makes it resemble that of chesnut. It is heavier, harder, and more 
elastic, than the wood of the robur, and is very subject to warp and spHt in 
seasoning. It is very tough and difficult to split, therefore not fit for laths. This 
is most probably the reason that oak laths are so seldom used in the north of 
England. In respect to the comparative durability of the woods of the two 
species, it is a question that requires to be investigated. It appears, as far as can 
be determined from the structure of the wood, that the fine oak found in old 
Gothic roofs is of the sessile-fruited kind ; at the same time it must be owned 
that our means of judging are not so satisfactory as to enable us to decide on 
this point with certainty ; but we know that the old oak is very durable. 

The strength, elasticity, toughness, and hardness of the sessile-fruited oak 
render it superior for ship-bmlding ; but it is both heavier and more difficult to 
work than the robur ; how far they may dijQTer in durability remains to be deter- 
mined. The wood for the old Sovereign of the Seas was from the north. Is it not 
probable that the greater part of it was of the sessile-fruited oak P The hardness 
of the timber ** when taken in pieces after forty-seven years' service " is in favour 
• of this conjecture. 

In order to make experiments on the two species, when grown at the same 
place, and nearly of the same age, the author was supplied with specimens by Mr. 
Atkinson. These specimens were from trees grown in the grounds of Thomas 
Hope, Esq., at Deepdene, near Dorking, Surrey, which were directed to be cut by 
Mr. Hope for the express purpose of comparing the woods. 

The trees were cut a little before the fall of the leaf, and beiug cut into small 
scantlings, after drying two months they were submitted to experiment. 

The following table shews the results of trials on two pieces, each piece an inch 
square, and sustained by supports 24 inches apart, the weight being applied in the 
middle of the length. 



Species of oak. 


Specific gravity. 


Weight of a cnbic 
foot in pounds. 


Comparative stiilness or 

weight that bent the 

piece seren-twentieths of 

an inch. 


Comparative strength 

or weight that 

broke the piece. 


Quercus robor 

Quercus sessiMora 


-807 
•879 


50-47 
54-97 


pounds. 

167 
149 


pounds. 
822 

350 



Both these specimens broke short without splitting ; therefore these experi- 
ments offer a very fair view of the properties of the two species. The sessiliflora 
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bent considerably more at the time of fracture than the robur, but it oould not be 
measured with that correctness which is necessary to render such data useful. 

The following table contains the values of the cohesive force, and naodulus of 
elasticity, calculated from the above experiments. 



Species of oak. 


CobeeWe force of a 

square inch ill 

pounds. 


Wdght of modulus of 

elasticity in pounds 

for a square inch. 


CompantiTe 
tonghnwia. 


Quercus robipr 

Quercus sessiMora 


11,592 
12,600 


1,648,958 
1,471,256 


81 
108 



These pieces were hastily, and therefore imperfectly, seasoned ; but as they were 
treated exactly alike, this would not affect the comparison. 

There is another species, called the Durmast oak, which is a native of Prance 
and the south of England ; its wood is not so strong nor of so firm a texture as the 
English oak, and it retains its foliage much later. 

The Austrian oak is a taller tree than the English oak; but the wood is 
whiter, softer, and less valuable. 

Of the American species the chesnut-leaved oak is a tall tree, remarkable for 
the beauty of its form : the wood is coarse-grained, but is very serviceable, and is 
much used for wheel carriages. 

The mountain red oak (^Quercus rubra) is a native of Canada and the country 
west of the Alleghany mountains : it is called the red oak, from the leaves changiBg 
to a red or purple colour before they fall off. It is a large and fine tree, of 90 or 
100 feet in height, and of rapid growth ; the wood is useful for many purposes, but 
it is light, spongy, and not very durable. 

The white oak {Quercus alba), so called from the whiteness of it^ bark, is a 
native of the woods from New England to Carolina, and acquires an immense size 
in some of the middle States. Its wood is tough and pliable, and it is preferred to 
all others in America for both hous3 and ship carpentry, being much more durable 
than most of the species. It is less durable than British oak, but it is of quicker 
growth. 

The blunt-lobed iron oak {Quercus obtusiloba) is another of the American 
species that produces very valuable ship-timber : the wood is hard, and not liable 
to decay, and is preferred for fencing. It is found in most of the upland forests 
from Canada to Elorida, and is a tree of 60 or 70 feet in height, 

But the live oak {Qt^erciis virens) is esteemed the best of the American kinds 
for ship-tin /er : it grows to the height of 40 or 60 feet, with wide- spreading 
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branches, and the wood is very durable: Mr, Knowles states that out of 607 
pieces, which had been in the Essex frigate 12 years, only six were found to be 
defective. 

The species of the Biga oak, so valuable on account of the straightness of its 
grain and freedom from knots, does not appear to have been determined : neither 
have we been able to find from what species the Dutch wainscot is obtained ; it is 
grown in the forests of Germany, and floated down the E;hine« 

According to Hassenfratz, the mean size of the trunk of the 

Common oak is 46 feet in length and 32 inches diameter. 

White American oak... 58 35 

Eed American oak ... 48 32 

Oak of a good quality is more durable than any other wood that attains a like 
size. Yitruvius says, it is of eternal duration when driven into the earth ; and it 
is well known to be extremely durable in water ; Q*nd in a dry state it has been 
known to last nearly 1000 years. The more coiapaot it is, and the smaller the 
pores are, the longer it will last ; but the pp6^, . porous, and foxy-coloured oak, 
which grows in some parts of Lincolnshire^ aud in some other places^ is not near 
so durable. Mr. Chapman very justly observes, that the heart of such oak is 
scarcely superior to the sap of better kinds. The chief use of oak is for ship- 
timber: the consumption of oak for the construction and repair of the British 
navy in 1788 exceeded 50,000 loads of timber.* It is also useful for most of the 
purposes of the carpenter, and particularly in situations where it is exposed to the 
weather. It makes the best wall-plates, ties, templets, king posts, and indeed it 
is best suited for every purpose where its warping in drying and its flexibility do 
not render it objectionable ; but, as Vitruvius has observed, it is very subject to 
twist and occasion cracks in the work it is employed in. 

The colour of the oak is a fine brown, and is familiar to every one : it is of 
different shades ; that inclined to red is the most inferior kind of wood. The 
larger transverse septa are in general very distinct, producing beautiful flowers 
when cut obliquely. Where the septa are small and not very distinct the wood is 
much the strongest. The texture is alternately compact and porous ; the compact 
part of the annual ring being of the darkest colour, and in irregular dots, sur- 
rounded by open pores, producing beautiful dark veins in some kinds, particularly 
in pollard oaks. 

* Beport of CommiBsioners of Woods and Forests, for 1812, p. 22. 
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It has a peculiar smell, and the taste is slightly astringent. It contains gallic 
add, and is blackened by contact with iron when it is damp. 

The young wood of English oak is very tough, often cross-grained, and difficult 
to work, and does not combine well with glue. Foreign wood, and that of old 
trees, is more brittle and workable. 

Oak warps and twists much in drying, and shrinks about one thirty-second 
part of its width in seasoning, according to Mr. Couch's experiments. 

The cohesive force of oak varies from 7850 to 17,892 pounds per square inch. 
The mean of Mr. Barlow's experiments is 10,000 pounds. We have taken 11,880 
as a standard to compare with the other woods, being the result of an experiment 
on a specimen of a mean quality* 

The weight of the modulus of elasticity for a square inch is 1,714,500 pounds, 
from a mean of various specimens. 

The weight of a cubic foot of different kinds is as under : 

English oak, from 45 to 58 pounds, seasoned. 

BiigaosJc 43 to 54 „ 

Bed American oak 37 to 47 ,, 

White American oak 50 to 56 „ 

Adriaticoak 68 to 68 „ 

Representing the strength, stifihess, and toughness of the common English 
oak (quercua robur) each by 100, it may be compared with the other kinds as 
under: 





Common Engliah 
oak. 


Riga oak. 


American 
oak. 


Dantzfc 
oak. 


strength 

Stiffiiess 

Toughness 


100 
100 
100 


108 

93 

125 


86 

114 

64 


107 

117 

99 



It is necessary to observe, that the specimens of Biga and Dantzic oak were 
of the best quality. 



Eees's CydopsBdia, art. " Quercus ; " Barlow's Essay on the Strength of Timber ; Bondelet, FArt de 
B4tir ; Vitruvius, book ii. and vii. ; Chapman on Preservation of Timber ; Lambert's Travels in Canada 
vol. i. ; Pursh, N. American Flora^ vol ii. 625 ; and Knowles's Inquiry. 
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DIVISIOK n. 

377. — In the second diyision there are several species ; the author has described 
only four : the beech, alder, plane, and sycamore. The woods of this division are 
very uniform in their texture, and very durable in water : they are useful for 
piles and planking in wet situations, but not applicable to other kinds of carpen- 
ters' work. Woods of this division do not warp so much as those of the first 
division. 

1. — Beech. 

378. — Of the beech tree, the Fagua eylvatica of botanists, there is one species, 
the common beech ; the difference in the wood proceeding, according to Miller, 
from the difference of soil and situation ; but owing to this difference the wood is 
distinguished by the names brown or black, and white beech. 

The beech is common in Europe, especially on a rich chalky soil ; a considerable 
quantity is grown in the southern parts of Buckinghamshire ; there is one wood 
of beech trees in the parish of Wycombe containing 700 acres. On the southern 
range of chalk hills the beeches are very fine, particularly near Walberton in 
Sussex. The best beeches grow on a good soil, more dry than moist ; and the 
wood is whiter than that of those grown in damp valleys, which loses its strength 
in drying, and becomes brittle. The mean size of the trunk of the beech tree, 
according to Hassen&atz, is about 44 feet in length and 22 inches in diameter. 

Beech is durable when constantly immersed in water, but damp soon destroys 
it. In a dry state it is more durable, but is soon injured by worms, whether it be 
in a damp or in a dry state. Duhamel observes, that water-seasoned beech is much 
less subject to worms than that seasoned in the common way ; and Ellis says, to 
preserve it from worms, it ought to be cut about a fortnight after midsummer, and 
planked immediately ; then the planks should be put in water about ten days, and 
afterwards dried. 

Beech is not useful in building, because it rots so soon in damp places, but it 
is useful for piles in situations where it will be constantly wet ; and it is very 
useful for various tools, for which its uniform texture and hardness render it 
superior to any other wood : it is also much used for furniture, and great quanti- 
ties are brought to London in boards and planks. Before cast-iron was intro- 
duced, much beech was used for railways for the collieries about Newcastle. 

KE 2 
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The colour of beech is a whitish brown, of different shades ; the darker kind is 
called brown, and sometimes black beech ; the lighter kind is called white beech. 
The texture is very uniform ; the larger septa are finer, and do not extend so far 
in the length of the wood as in oak ; therefore the flowers are smaller. The annual 
rings are rendered visible by being a little darker on one side than the other. It 
is very uniformly porous, and might be easily made to imbibe some ingredient 
that would prevent the worms destroying it. (See art. 355.) 

It has no sensible taste or smell ; it is not very difiGicult to work, and may be 
brought to a very smooth surface. 

The white kind is the hardest, but the black is tougher ; and Evelyn says it is 
more durable than the white. 

The cohesive force of a square inch of beech varies from 6070 to 17,000 
pounds ; the weight of its modulus of elasticity is about 1,316,000 pounds ; the 
weight of a cubic foot dry varies &om 43 to 53 pounds. The higher numbers are 
from Muschenbroek, both in cohesive force and weight, and they are certainly 
much above any we have observed, as weU as much above those of any other 
writer : about 12,000 pounds is its mean cohesive force. 

Bepresenting the strength of oak by 100, that of beech will be ... 103 

stiffness of oak by 100, 77 

toughness of oak by 100, 138 

Hence it appears that oak is superior in stiffness, but neither so strong nor so 
tough. 

Miller's Gardener's Dictionary ; Bees's Oyclppsedia ; Duhamel, Transport des Bois ; Evelyn's Silva ; 
Ellis's Timber Tree Improved ; Bondelet, I'Art de Batir ; Barlow's Essay ; Marshall's Southern Coimties, 
vol. ii. 



2. — Alder. 

379. — ^The alder tree is the Betula alnua of botanists, a natiye of Europe and 
Asia, that grows in wet grounds and by the banks of rivers. The tree seldom 
exceeds 40 feet in height. 

The wood is extremely durable in water or wet ground. Vitruvius has 
remarked, that in a wet state it will sustain the weight of very heavy piles of 
building without risk of accident ; and that the whole of the buildings at Eavenna, 
which is situate in a marsh, were founded upon piles of this wood. Evelyn says, 
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he finds they used it under that famous bridge at Venice, the Bialto, which was 
built in 1591, or 250 year^ ago. But it soon rots when exposed to the weather, or 
to damp ; and in a dry state it is much subject to worms. 

On account of the durability of alder in water, it is esteemed valuable for 
pUes, planking, sluices, pumps, and, in general, for any purpose where it is con- 
stantly wet. And for such purposes it has been much cultivated in Holland and 
!Flanders. It is also used for turners' wares and other light purposes. It was 
used by our ancestors for scaffolding,* 

The colour of alder is a reddish yellow, of different shades, and nearly imiform. 
The texture is very uniform, with larger septa of the same colour as the wood, 
therefore not very distinct, nor producing sensible flowers. 

It is soft, and works very easily ; would cut well in carving, and make very 
good models for casting from. 

The cohesive force of a square inch of alder varies from 5000 to 13,900 pounds : 
its modulus of elasticity is 1,086,750 pounds for a square inch ; and a cubic foot 
weighs from 34 to 50 pounds in a dry state. 

Representing the strength of oak by 100, that of alder will be 80 

stiffiiess of oak by 100, 63 

toughness of oak by 100, 101 

Evelyn's Silva ; Vitravius, book ii. chap. iz. and book iii. chap. iii. 



8.— Plane Tree. 

380. — Of the plane tree there are several species. The most common are the 
oriental plane and the occidental plane. 

The oriental plane (JPlatanua orientalia) is a native of the Levant, and other 
eastern countries, and is considered one of the finest of trees. It attains about 60 
feet in height, and has been known to exceed eight feet in diameter. Its wood is 
much like beech, but more figured, and is used for furniture and things of a like 
nature. The Persians employ it for their furniture, doors, and windows. 

The occidental plane {Platcmus occidentalia) is a native of North America, and 
is perhaps one of the largest of the American trees ; on the fertile banks of the 
Ohio and Mississippi some of the trees exceed twelve feet in diameter. It is some- 

* Britton's Architectural Antiquities, vol. iii. p. 3. 
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times called water-beech, button- wood, and sycamore : but the wood called syca- 
more in this country is a species of maple. (See art. 881.) The wood of the 
occidental plane is harder than that of the oriental kind ; but the occidental is the 
most common in Britain, and to it only the rest of this article applies. 

The colour of the wood of the plane tree is nearly the same as that of beech, 
and it also closely resembles it in structure ; it differs in the larger septa, as in 
the plane the septa are more numerous, producing very beautiful flowers when 
properly cut. It works easily, and stands very well. 

The cohesive force of a square inch is about 11,000 pounds : its modulus of 
elasticity is 1,348,000 pounds per square inch ; and it weighs from 40 to 46 pounds 
per cubic foot when dry. 

« 

Representing the strength of oak by 100, that of plane tree will be... 92 

stiffness of oak by 100, 78 

toughness of oak by 100, 108 

The wood of the occidental plane is very durable in water, and on that account 
the Americans use it for wooden quays in preference to any other kind. 

Bees's Cycbpjedia ; Michaux's Travels, p. 7 and 86 ; Oliver's Travels, vol. i. p. 75. 



4. — Sycamore. 

381. — ^The sycamore, or great maple {Acer pseudo'platcmus)^ generally called 
the plane tree in the north of England, is a native of the mountains of Germany, 
and is very common in Britain. 

It is a large tree and of quick growth ; it thrives well near the sea. According 
to Hassenfratz, the mean size of its trunk is about 32 feet in length, and 29 inches 
in diameter. Evelyn says, that in Germany they have a better variety than the 
one which grows in Britain. 

The wood is durable in a dry state, when it can be protected from worms ; but 
it is equally as subject to be destroyed by them as beech. It is used chiefly for 
furniture, and the white wood of this tree is valuable for many ornamental articles. 

The colour of sycamore is generally of a brownish white ; sometimes of a yel- 
lowish white, or nearly white in young wood, with a silky lustre. Its texture is 
nearly uniform, and the annual rings not very distinct. Its larger septa are small 
and close, and perhaps it might be more correctly described as having distinct 
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smaller septa, and no lai^r septa. Its flowers are small, presenting a minute 
dappled appearance. The wood is sometimes beautifully curled. In large trees 
the wood is generally tainted and brittle. It is in general easy to work, being less 
hard than beech. 

The cohesive force of a square inch varies from 5000 to 10,000 pounds ; its 
modulus of elasticity is 1,036,000 pounds for a square inch. A cubic foot of syca- 
more weighs from 34i to 42 pounds when dry. 

E/cpresenting the strength of oak by 100, that of sycamore is 81 

stiffness of oak by 100, 59 

toughness of oak by 100, Ill 

Evelyn's Silva : Bondelet, T Art de B&tir. 



CLASS n. 

382. — The second class contains all woods that have no larger transverse septa. 
To this class many woods belong, and of various colours and qualities. 

This class contains three divisions ; the first and second formed on the same 
distinctions as the first and second in the first class (art. 374) ; the third division 
includes all the woods of which the pores are filled with resinous matter. 



DIVISION I. 



383. — In the first division of the second class the annual ring is nearly com- 
pact towards one side, and porous towards the other side ; and from this inequality 
the wood is very subject to warp in drying. The author has only described four 
woods belonging to this division ; these are the chesnut, the ash, the elm, and the 
false acacia. 



1. — Chesnut. 

384. — ^The wood called chesnut is the produce of the Fagua caatanea of botanists, 
commonly called the sweet or Spcmish chesnut. This tree is a native of the warmer 
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mountainous parts of Europe, and was once very common in this country. Fitz^ 
Stephens, in a description of London in Henry II.'s time, states, that a noble 
forest of ohesnuts grew on the north part of it ; and many of the old buildings 
appear to have been built vrith this wood ; indeed it appears to have been the chief 
timber used in earlier times. 

It is one of the largest and most long-lived of il^uropean trees, sometimes 
enduring more than a thousand years. The mean size of its trunk, according to 
Hassenfratz, is about 4A feet in length and 37 inches in diameter ; and it is of a 
rapid growth. 

The chesnut contains only a very small proportion of sap-wood, and therefore 
the wood of young trees is found to be superior even to oak in durability. 
MarshaU states, that hop-poles of this wood last longer than any other;* and in 
pales, stakes, and posts, it has been known to last from 20 to 30 years, which is 
longer than most woods last in such situations. Mr. Kent has observed a post of 
chesnut taken up sound after having stood above 40 years ;t and Miller says it 
will endure longer than elm to convey water under ground. The roof of King's 
College, Cambridge, may be cited as an example of its durability in a dry state ; 
also the roof of the Church of Notre-Dame at Paris. Bondelet however observes, 
that several old buildings near Paris, of which the timbers were supposed to be 
chesnut, were examined by Buffon and D'Aubenton, who found the pretended 
chesnut to be a variety of oak ; and it is probable that a closer examination will 
prove the roof of Westminster HaU to be of oak.{ 

Chesnut is useful for the same purposes as oak, when the timber is not from 
old trees : but the wood of old trees is unfit for any situation where an uncertain 
load is to be borne, as it is brittle ; and, as Evelyn states, often makes a fair show 
outwardly when it is decayed and rotten within. According to Belidop, it soon 
rots when built in a waU ; therefore the ends of joists of this wood should have a 
free space left round them. 

According to Pursh, the American chesnut does not differ much from the 
European : it grows to a large size, is very durable, and much esteemed for fence 
work. 

The wood of the chesnut is nearly of the same colour as that of the oak. In old 
wood the sap-wood of chesnut is whiter and the heart-wood browner ; but it is so 
much like oak tliat in old buildings they have been sometimes mistaken the one for 

* Eural Economy of the Southern Counties, vol. i. p. 216. 
t Trans, of the Society of Arts, vol. x. p. 30. 

;|; After the first edition of this work was published, the author examined some specimens of the rafters, 
&c, of the roof of Westminster Hall, and found it to be of oak with a fine kind of septa. — December, 1820. 
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the other. Sir H. Davy says, " they may be easily known by this circumstance^ 
that the pores in the alburnum of the oak are much larger, and more thickly set, 
and are easily distinguished : whilst the pores in the chesnut require glasses to be 
seen distinctly."* Chesnut has no large transverse septa, which is a more decided 
distinction, and renders it easy to know it from oak, whether the wood be old 
or not. 

The wood is hard and compact ; young wood is tough and flexible, old wood is 
brittle, and often shaky. It does not shrink and swell so much as other woods, 
and is easier to work than British oak. 

The cohesive force of a square inch of chesnut varies from 9570 to 12,000 
pounds when dry. The weight of a cubic foot dry is from 43 to 54"8 pounds. 

The properties as determined from a piece of young wood in a green state are 
as under. The cohesive force of a square inch of green chesnut is 8100 pounds ; 
the weight of the modulus of elasticity per square inch of ditto, is 924,750 pounds ; 
the weight of a cubic foot of ditto, 54*68 pounds. 

Bepresenting the strength of dry oak by 100, that of green chesnut is 68 

stifihess of dry oak by 100, 54 

toughness of dry oak by 100, 85 

After the preceding part of this article was written and sent to the press, an 
opportunity was afforded the author of making some experiments on dry chesnut ; 
and as they strongly confirm a very old observation respecting it, we are glad of 
having the power of adding them, to render this article more complete. 

The wood of the specimens submitted to experiment was from a tree of about 
thirty years' growth, and 11 inches diameter : consequently it had been rapidly 
grown. Its specific gravity was 0-535. 

The first trial was made with the supports 30 inches apart ; but a small knot 
near the middle caused the specimen to break with a long splinter, consequently 
it was not a fair measure of its strength. The fracture took place so suddenly, 
and so unexpectedly, that the author states he narrowly escaped an accident ; as, 
unlike other woods, it gave no warning whatever. The second trial was made 
with the supports 24 inches apart, and may be considered a fair measure of the 
strength of chesnut : but though the bending was very considerable, the last 
measure taken being 2^ inches, it broke as suddenly as the first specimen, and 

* Agricultural Chemistry, p. 222, 4to edit^ 



268 



NATURE AND FSOPEKHES OF TIMBER. 



[§1. 



without any prey ions cracking or other signs of fracture. The result of these trials 
may be seen in the following table. 



First specimen... 

Ditto 

Second specimen 
Ditto 



Length. 


Area of sedioii. 


80 inches 


1 inch square 


ditto 


ditto 


24 inches 


ditto 


ditto 


ditto 



bent 0*5 inches with 85 lbs. 

broke at a knot 153 

bent 0*5 inches 163 

broke 296 



According to the experiment on the second specimen, the cohesion of a square 
inch of Spanish chesnut is 10,656 pounds : and the modulus of elasticity for a 
square inch, according to the first experiment, is 1,147,600 pounds ; according to 
the second experiment, 1,126,656 pounds. 

It bends more than oak at the time of fracture, and therefore is tougher. Its 
toughness seems to permit it to yield insensibly tm every particle exerts its utmost 
force, and then it gives way at once, more in the manner of metals than in that of 
woods. Its properties are compared with those of oak in the table No. 20, at the 
end of the volume. 

Bees's OjclopsBdia ; Miller's Ghyrdener's Dictionary, art. Castanea ; Evelyn's Silva ; Bondelet, L'Art do 
Batir ; Belidor, Science des Ing^nieurs ; North American Flora, vol. ii. p. 624. 



2. — Ash. 



385. — The common ash (the Fraxinus exceUior of botanists) is a native of 
Europe and the north of Asia, and is the most valuable of the genus. There are 
other species both in America and other places ; but we know nothing worthy of 
notice respecting their wood. 

The ash is a very rapid growing tree, and like the chesnut, the young wood is 
much more valuable than that of old trees. No timber differs more from a 
difference of soil and situation than the ash. The mean size of the trunk is, 
according to Hassenfratz, 38 feet in length and 23 inches in diameter ; but some- 
times this tree attains an immense size. 

Ash soon rots when exposed to either damp or alternate dryness and moisture ; 
but is tolerably durable in a dry situation. Evelyn says the best season for felling 
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ash is from November to February, and that when felled in full sap it is very 
subject to the worm. The pores of ash cut in the spring are of a reddish colour, 
and such wood is much benefited by water-seasoning. 

Ash is superior to any other British timber for its toughness and elasticity ; 
and in consequence of these properties, it is useful wherever sudden shocks are to 
be sustained; as in various parts of machines, wheel carriages, implements of 
husbandry, ship blocks, tools, and the like ; being equally as useful in the arts of 
war as in those of peace, in andent as well as in modern times : 



" From Pelion'fl cloudy top, an ash entire 
Old Chiron fell'd, and shaped it for his sire." — Pope's Homes. 

It is too flexible for the timbers of buildings, and not sufficiently durable. 

The colour of the wood of old trees is oak brown, with a more veined appearance, 
the veins darker than in oak ; sometimes the wood is very beautifully figured. The 
wood of young trees is brownish white with a shade of green. 

Its texture is alternately compact and porous, the compact side of the annual 
ring being the darker coloured, which renders the annual rings very distinct. It 
has no larger septa, and consequently it has no flowers. 

It has neither taste nor smell, and is difficult to work, except the wood of old 
trees, which is of a more brittle nature. 

The cohesive force of a square inch varies from 6800 to 17,000 pounds ; and the 
weight of its modulus of elasticity is about 1,626,500 pounds per square inch. The 
weight of a cubic foot dry varies from 34 to 62 pounds ; when the weight of a cubic 
foot is lower than 46 pounds, the wood is that of an old tree, and will be found 
deficient both in strength and toughness. 

Bepresenting the strength of oak: by 100, that of ash is 119 

stiffness of oak by 100, 89 

toughness of oak: by 100, 160 

It exceeds oak both in strength and toughness, and in young wood the difference 
is stUI more considerable. 



Miller's Gardener's Dictionary ; Eees's CydopsBdia ; Evelyn's Silva ; Ellis's Timber Tree Improved j 
and Bondelet, L'Art de Bitir. 
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S.—JElm. 

886. — Of the elm tree (the Ulmus of botanists) there are j&ve species now 
common in Britain, viz., the common rough-leaved elm, the cork-barked elm, the 
broad-leaved elm or wych hazel, the smooth-leaved or wych elm, and the Dutch 
elm. 

The common rough-leaved elm {TJJmua campestris) is common in scattered 
woods and hedges in the southern parts of England ; it is harder and more durable 
wood than the other species ; it resists moisture well, and is therefore preferred 
for coffins. 

The cork-barked elm ( Ulmua auberosa) is very common in Sussex ; the wood is 
of an inferior kind, very much resembling Dutch elm. 

The broad-leaved elm or wych hazel ( Ulmus montana) appears to be the most 
common species throughout Europe ; it is frequent in the woods and hedges of 
England, particularly in the northern counties. Sir J. E. Smith says, " the wood 
fetches about half the price of our Norfolk campestris." 

The smooth-leaved or wych elm ( Ulmua glabra) common in Herefordshire, 
Essex, and the north and north-east counties of England, is also common in Scot- 
land. It grows to a large size, and is much esteemed ; it is readily distinguished 
by its smooth, dark, lead-coloured bark, and by its leaves being nearly smooth on 
the upper surface. The wood is tough and flexible, and is stated to be preferred 
for naves of wheels. 

The Dutch elm ( Uhrma major) is a native of Holland ; its wood is very inferior 
to the other species ; indeed Miller says it is good for nothing. 

The wych elm is the largest tree, and the Dutch elm the smallest. Hassenfiratz 
states the mean size of the trunk of the elm tree to be 44 feet in length and 32 
inches in diameter. The trunk of the common rough-leaved elm is often rugged 
and crooked, and the tree is of slow growth. Marshall says the Vale of Gloucester 
produces some very fine elms, but has not described the species. 

Elm has always been much esteemed for its durability in situations where it is 
constantly wet ; and it is also said to be very durable in a perfectly dry state, but 
not when exposed to the weather. The piles upon which old London Bridge stood 
were chiefly of elm, and remained six centuries without material decay ; * and 
several other instances of its durability in water have been noticed. 

Elm is not useful for the general purposes of building, but from its durability 

• Hutton's Tracts, voL i. p. 118. 
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in water it makes excellent piles and planking for wet foundations. It is also 
used for water-works, such as pipes, pumps, and the like, and it is much used for 
coffins. The naves of wheels, the sheUs of blocks for tackle, the keels of ships, 
and sometimes the gunwales are made of elm. 

The colour of the heart-wood of elm is generally darker than that of oak, and 
of a redder brown. The sap-wood is of a yellowish or brownish white, with pores 
inclined to red. Elm is in general porous and cross-grained, sometimes very 
coarse grained, and has no large septa. It has a peculiar odour. It twists and 
waips much in drying, and shrinks very much both in length and breadth. It 
is difficult to work, but is not liable to split, and bears the driving of bolts and 
nails better than any other timber. The timber of the English elm is generally 
esteemed the best ; that of the wych elm is equally as good, but the Dutch elm is 
very inferior. 

The cohesive force of a square inch of elm varies from 6070 to 13,200 pounds ; 
and the weight of its modulus of elasticity for a square inch is about 1,343,000 
pounds. The weight of a cubic foot dry is from 34 to 47 pounds j seasoned, firom 
36 to 50 pounds. 

Representing the mean strength of oak by 100, that of elm is 82 

stiffness of oak by 100, 78 

toughness of oak by 100, 86 

According to the eitperiments of Mr. Couch, elm shrinks one forty-fourth part 
of its width in seasoning. 

Bees's Cydopsedia, art. « UlimM ; ** Miller^s Gardener's Dictionary 5 Evelyn's Silra 5 Rondelet, L'Art 
deBfttir; Barlow's Essay on the Siarengfch of Timber; Winch on the Geography of Plants 5 andAnHalsof 
Philosophy for 1818, 

4. — Common Aoaciai 

387. — ^The common acacia, or American locust tree {Rohinia pseudo-acacia of 
botanists), is a native of the mountains of America from Canada to Carolina. It 
IS a beautiful tree, attains a considerable size, and is of very quick growth. 
According to Hassenfratss, the mean size of its trunk is 32 feet in length and 23 
inches diameter. 

The wood id much valued for its durability : some of the houses built by the 
first settlers in New England of this wood still continue firm and sound ; and in 
posts, stakes, and pales, it is found to be one of the most durable kinds. It is 
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adapted for any purpose to which oak is applied : it makes excellent tree-naiLs for 
ships, and is valuable for fencing. There are several other species ; but we have 
only specimens of the kind now described.* 

The colour of the wood of the acacia is of a greenish yellow, with a alight 
tinge of red in the pores. Its structure is alternately nearly compact and very 
porous, which marks distinctiy the annual rings. It has no large septa, and there- 
fore no flowers. It has no sensible taste or odour in a dry state. It will require 
about the same degree of labour to work it as ash does. 

The cohesive force of a square inch varies from 10,000 to 13,000 pounds ; and 
the weight of a cubic foot seasoned is from 49 to 66 pounds. Its other properties, 
determined firom young wood in an unseasoned state, are as under : 

Weight of the modulus of elasticity for a square inch, 1,6875500 pounds. 

Bepresenting the mean strength of oak by 100, that of unseasoned acacia is 95 

stiflhess of oak by 100, 98 

toughness of oak by 100, 92 

Hence in a dry state it will be superior to oak in these properties. 

Bees*8 Cyclopedia, art. ^'RobiniA;" Evelyn's SQva, Hunter's edit.; and Bondelet, TArt de B&tir; 
Pursh, YoL ii. p. 487. See also Barlow on the Strength of Materials, p. 156 ; edition of 1837. 



DIVISION n, 

388. — In the second division of the second class, the wood is uniformly porous ; 
the distinction of the rings is chiefly owing to a difference between the colours of 
the sides of each ring. To this uniformity of teicture may be referred the superi- 
ority of the woods in this division in retaining their original form ; or, in other 
words, it is the reason they stand so well in work. The woods of this division are 
very numerous, but many of them have little durability : only six are here 
described ; those are mahogany, walnut, teak, poena, AMcan teak, and poplar. 



* The tree was much recommended for planting in this country by Cobbett, and by Mr. Withers of 
Holt in Norfolk. The latter gentleman published seyeral tracts on the subjecti which have not been 
hitherto duly appreciated. 
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1. — Mahogany. 

889. — ^Mahogany is the produce of the tree called by botanists Stoietenia 
mahogoni. It is a native of the West Indies, and the country round the Bay of 
Honduras in America. 

There are other two species of Swietenia besides the mahogany tree, which are 
natives of the East Indies. The one, a large tree, of which the wood is of a dull 
red colour, and remarkably hard and heavy. The other is only a middle-sized tree, 
with wood of a deep yellow colour, close grain, heavy, and durable, much resem- 
bling that of the box tree ; but neither of these species is in use in this country. 

The mahogany tree is stated to be of very rapid growth, and makes a very fine 
appearanoe. Its trunk often exceeds diO feet in length, and 6 fe^t in diameter. 
The Honduras mahogany is cut down at two periods in the year; that is, at 
Christmas and in the autumn. The trees are cut off at about 12 feet from the 
ground ; the workmen having a stage to work upon. The trunk furnishes wood 
of the largest dimensions, but for ornamental purposes the branches are preferable ; 
the grain in them being closer and the veins more variegated. Mahogany was 
first brought to London in the year 1724. 

In a dry state mahogany is very durable, and not subject to worms. It does 
not last long when exposed to the weather. It is a kind of wood that would make 
excellent timbers for floors, roofs, &c. ; but, on account of its price, its use is chiefly 
confined to furniture and doors for rooms ; for which purposes it is the best mate- 
rial in use. It is sometimes used for some parts of window frames and for sashes ; 
but from its not standing the weather well, it is not so fit for these purposes. It 
has also been extensively used in the firaming of machinery for cotton mills, &c. 

The colour of mahogany is a red brown, of different shades, and various 
degrees of brightness ; sometimes yellowish brown ; often very much veined and 
mottled with darker shades of the same colour. 

The texture is uniform, and the annual rings are not very distinct. It has 
no large septa, but the smaller septa are often very visible, with pores between 
them ; these pores are often filled with a white substance in the Jamaica wood, 
but generally empty in the Honduras kind. It has neither taste nor smell, 
shrinks very little, and warps or twists less than any other kind of wood. 

The variety called Spanish mahogany is imported from Cuba, Jamaica, His- 
paniola, and some other of the West Indian Islands, and in smaller logs than the 
Honduras. The size of the logs is in general about from 20 to 26 inches square, 
and about 10 feet in length. The Spanish mahogany is close-grained and hard, 
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generally of a darker colour than Honduras ; free from black specks, and some- 
times strongly figured ; and its pores appear as if chalk had been rubbed into 
them. 

The Honduras mahogany is imported in logs of a larger size, that is, from 2 to 
4 feet square, and 12 or 14 feet in length ; some planks have been got 6 or 7 feet 
wide. The grain of the Honduras kind is generally very open, and often irregular, 
with black or grey spots. The veins and figures are frequently very fine and 
showy ; the best kind is that which is most free from grey specks, and of a fine 
golden colour. It holds with glue better than any other wood. 

The cohesive force of a square inch of Spanish mahogany is 7660 pounds, and 
of Honduras mahogany 11,476 pounds. 

The weight of the modulus of elasticity of mahogany is 1,255,600 pounds for 
a square inch for Spanish, and 1,593,000 for Honduras. The weight of a cubic 
foot of mahogany is from 36 to 53 pounds. 

Itepresenting the strength of oak by 100, that of Span, mahog. is 67, of Hondur. 96 

stifEhess of oak by 100, 73, 93 

tpughness of oak by 100, 61, 99 



2.—7Falmt 

390. — ^The common walnut tree (JugUma regia) is a native of Persia and the 
northern parts of China. It was formerly much propagated in England for its 
wood, which was much esteemed before mahogany was introduced. The wood is 
very beautiful, and is still much prized by people of taste, who consider its colour 
to be far superior to the red brown of mahogany. 

Walnut, on account of its scarcity, is scarcely ever used for the purposes of 
building ; indeed it is of too flexible a nature for beams, though it appears to have 
been used for that purpose by the ancients. Fliny observes, that it has the good 
property of giving warning by cracking before it breaks ; hence when the baths of 
Antendros failed, the bathers were alarmed in time to save themselves. The wood 
is durable, and not liable to be destroyed by worms ; and it is much used for gun- 
stocks, and sometimes for furniture. It has the advantage of not producing sen- 
sible chemical action on iron or steel ; hence its use for gun-stocks, handles of 
knives and other steel instruments ; and its value for making drawers or boxes to 
contain instruments of polished steel. 

The hickory or white walnut {Juglana alba) is a native of North America. It 



§ X.] NATTJUB AND PROPERTIES OP TIMBER. 266 

is a large tree, the trunk sometimes exceeding three feet in diameter. The wood 
of young trees is extremely tough and flexible, making excellent hand-spikes. 

The black Virginia wahiut {Juglana nigra) is also a native of America, and is 
found from Pennsylvania to Elorida. It is a large tree, and for furniture the wood 
is the most valuable of the walnut-tree kind. It is of a fine grain, and beautifully 
veined, receiving an excellent polish. It is also durable, and not affected by 
worms. The heart-wood of walnut tree is of a grayish brown, with blackish brown 
pores, often much veined, with darker shades of the same colour ; the sap-wood is 
grayish white. The colours are much brightened, and the veins rendered more 
distinct, by oiling. Its texture is not so uniform as that of mahogany, the pores 
being somewhat more thickly set on one side of the annual ring. It has no large 
septa nor flowers. It has a slightly bitter taste when green, and a perceptible 
odour. It does not work so easily as mahogany, but may in general be brought 
to a smoother surface. It shrinks very little. 

The cohesive force of a square inch of walnut varies from 5360 to 8130 pounds ; 
its modulus of elasticity for a square inch is 837,000 pounds, in a green state ; the 
weight of a cubic foot varies from 40 to 48 pounds, in a dry state. 

Bepresenting the strength of oak by 100, that of common walnut is 74 

stiffness of oak by 100, 49 

toughness of oak by 100, Ill 



These properties were ascertained from a green specimen ; the strength and 
stiffness would be greater in a dry state. 

Miller's Gardener's Dictionaiy ; Bondelet, L'Art de B&tir \ and Bees's Cyclopedia. 



3. — Teak Wood, or Indian Oak. 

391.— Teak wood is the produce of the Tectona grandis of botanists, and is a 
native of the mountainous parts of the Malabar and Ooromandel coasts, as weU as 
of Java, Ceylon, and other parts of the East Indies. 

The teak tree is of rapid growth, and the trunk grows erect, to a vast height, 
with copious spreading branches. 

,The wood of the teak tree is by far the most useful timber in India ; it is light, 

H H 
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easily worked, and, though porous, it is strong and durable ; it requires little 
seasoning, and shrinks very little : it affords tar of good quality, and is rather of 
an oily nature, therefore does not injure iron ; and is the best wood in that country 
for ship-timber, house carpentry, or any other work where strong and durable 
wood is required.* 

Malabar teak is esteemed superior to any other in India, and is extensively used 
for ship-building at Bombay. It grows in the teak forests, along the western side 
of the Ghaut Mountains, and the contiguous ridges, where the numerous streams 
afford water-carriage for the timber. There is a variety, says Dr. E/Oxburgh, grows 
on the banks of the Godovery, in Hindostan, of which the wood is beautifully 
veined, closer grained, and heavier than that of the common teak tree ; this kind 
is well adapted for furniture. 

The cohesive force of teak wood varies from 18,000 to 15,000 pounds per square 
inch, the weight of its modulus of elasticity is 2,167,000 pounds per square inch, 
according to Mr. Barlow's experiments ; and the weight of a cubic foot seasoned, 
varies from 41 to 53 pounds. 

Representing the strength of oak by 100, that of teak will be 109 

stiffness of oak by 100, 126 

toughness of oak by 100, 94 

Erom which it appears, that it is much superior to oak in these properties, except 
in toughness ; but it is to be remembered, that these proportions are drawn from 
two or three experiments on teak, and most probably these were tried on very 
select specimens ; whereas those for oak are from a mean specimen, selected from 
pieces of oak of various qualities. 

Transactions of the Society of Arts, vol. xxx. ; Rees's Cyclopaedia ; Supplement to the Encydopjedia 
Britannica; Barlow's Essay on the Strength of Timher ; and Quarterly Review, vol. x. 



4. — Poona, Poon, or Peon. 

391 a.— The wood called poena is brought from the East Indies. It very 
nearly resembles a dull-coloured and grayish specimen of mahogany ; and would 

* Dr. Wollaston found that teak wood contains a considerahle quantity of silica ; Mr. Sivright also 
ohtained similar results. — Edin. Phil. Journal, vol. iii. p. 397 and 413. 
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be useful for any purpose to which such kind of mahogany is applicable ; besides 
having a greater degree of strength and stiffness compared with its weight. Poena 
is used for the decks, masts, and yards of ships, and it appears to be well adapted 
for these purposes both by its strength and lightness. In respect to durability, 
we have not been able to collect satisfactory information ; its texture is porous, 
but uniform ; and the mean weight of a cubic foot in the dry state is 40*6 lbs* 
taken from our specimens* 

The cohesive force of poena is from 10,000 to 14,700 lbs. per square inch ; 
the mean weight of the modulus of elasticity for a base of an inch square is 
1,689,800 lbs. 

The specific gravity, and the relative strength, stiffness, and resilient power 
compared with Riga fir, as 1,000, from Mr. Barlow and Mr. Fincham's experi- 
ments are, as under : 



Spediic graTity. 


Strength. 


StifFbess. 


Resilience. 




•679 
•647 
•613 


1380 
1226 
1303 


1270 
1230 
1260 


1400 
1146 
1273 


Barlow. 
Fincham. 

Mean of both. 

. . __ 



Prom whence it appears that it is superior to Biga fir in the properties required 
for most wood. 

Knowles's Inquiry concerning the Navy ; Barlow's Essay on the Strength of Timber ; and the Ist vol. 
of Morgan and Creozes' Papers on Naval Architecture. 



5. — Turtosa, or African Teak. 



391 i. — Timber is now imported in considerable quantities from Sierra Leone ; 
we have received specimens of four kinds, the best of which is called Turtosa, or 
African teak, and not unfrequently African oak. 

It is used for the same purposes as oak, and has lately been used rather exten- 
sively in ship-building for the navy. 

The colour of the turtosa wood is a moderately deep grayish brown« The tex« 

MM 2 
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ture is uniformi the annual rings not distinct *; but the smaller septa are strong 
and numerous. It is dense, hard, and brittle. The taste is bitter ; but the 
seasoned wood has no sensible smell* It appears to split much internally in 
seasoning, and as it is only a few years since it was first imported, an opinion 
cannot well be given, from experience, as to its durability ; the only thing giving 
reason to doubt regarding it, is its liability to shakes. 

According to the author's own experiments made in 1821 the cohesive force 
of a square inch of turtosa is 17>200 lbs. ; and the weight of a cubic foot dry is 
59*4 lbs. ; but it is variable from 58 to 611bs. The weight of the modulus of 
elasticity of turtosa is 1,728,000 lbs. for a square inch. 

A bar one foot long, and one inch square, supported at the ends, breaks with 
964i lbs. applied in the middle ; and bends 4^ of its length, or one-fortieth of an 
inch by a weight of 100 lbs. 

In addition to the author's experiments, he had a series of most valuable ones 
communicated to him by Col. Sir E. Smith, of the Royal Engineers : they were 
made on large specimens, and under a variety of conditions. 

The first experiments were on the tranverse strength, and the following table 
contains the results. 






Kind of wood. 



Turtosa 

Ditto 

Ditto 

Ditto 

Ditto heartwood 
Ditto outside . . . 

Ditto ditto 

Ditto 

Conta or 2nd best 
Inferior kind ... 
Ditto 



Bearing. 



7* ft. 

7i- 

7*- 

7i- 

10 — 

10 — 

10 — 

7*~ 



Breadth. 



3 in. 
3 — 
6 — 
3 — 
3 — 
3 — 
3 — 
3 — 



Depth. 



6 in. 
4 — 
6 — 
6 — 
6 — 
6 — 
6 — 
6 — 



Breaking 

weight. 



10697 fi)s. 
4816 — 

18750i^ 
7272 — 
6720 — 
7224 — 
8064 — 

10464 — 



A bar 1 foot long, 1 inch Bquare. 



Breaking 
weight. 



760 lbs. 
770 — 
660 — 
610 — 
620 — 
670 — 
745 — 
740 — 



Weight bending it 
^ of an inch. 



Means of the kind usually employed 684 — 



7*~ 


3 


6 — 


7000 — 


496 


7*- 


3 


6 


7692 — 


540 


7*- 


3 


6 — 


7168 — 


607 — 



139 &s. 
145 — 
100 — 
111 — 
136 — 
167 — 
126 — 
123 — 



131 — 



121 
121 
100 



* The rings are probably never so distinct in tropical trees as in those growing in a climate of alternating 
summer and winter. Their vegetation and production of leaves being iminterrupted, unless by the two 
dry seasons at the solstices, the rings, if any, must be semi-annual instead of annual. On the other hand, 
the shortness and suddenness of the polar summer is registered in the extreme distinctness and contrast of 
the hard and soft layers in Norway fir, <Sbc. — Edit., 1853. 
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iSi^r jFI Smith's ExperimenU on the Resistance to Tension. 



Kind of wood* 


Cylinder -06 inch 

in diameter vailed 

aennder oy 


Mean abaohtte 
strength of a 
sqnare inch. 


Mean relative 
strength. 


• 

African teak 

Ditto 

English oak 

Ditto 

Fir 

Ditto 


1064 ftB. 7 
1008— ) 

1008— \ 
962— ) 

728— ) 
448-- j 


21000^8. 

19900 

12000 


107 

100 

61 



SirF. SmitVs JSxperiments on the Resistance to Compression, the pieces 4i feet long, 

cmd \\ inches square. 



Kind of wood. 


Weight that broke 
the piece. 


Mean stress in 
pounds per 
sqnare inch. 


Mean relative 
strength. 


African teak 

Ditto 

English oak 

Ditto 


9194 lbs. ) 
9362 j 

4164— ) 
6722 ] 


4130 &8. 

2200 — 


188 
100 



The resistance to crushing in short specimens has been given (in art* 130) ; but 
Mr. Benton having made some additional experiments on African teak, the results 
will be useful inserted in this place. 



No. 


Length. 


Area. 


Spttt with 


Cnuhedwith 




Stress per square inch. 


H 


4 in. 
4 in. 


2 inches square. 
If inches ditto. 


30080 &s. 
30800 — 


33920 fis. 
34663 — 




8480 lbs. 
9600 


]kl 


ean 9320 lbs. 


. 
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Sir F. Smith further ascertained the comparative expense of labour, between 
working African teak and English oak. 





English oak. Afncan teak. 


Sawing is as 
Planing „ 
Making sash frames . . . 


1 is to 1-64 
1 „ 210 
1 „ 1-5 



Hence it will appear that it is expensive to work ; nevertheless it is much 
employed both in Londoui Liverpool, the new docks at Goole, and other places. 



6. — Poplar. 

392. — Of the poplar tree (the Populua of botanists) there are five species com- 
mon in England. The common white poplar, the black poplar, the aspen or trem- 
bling poplar, the abele or great white poplar, and the Lombardy poplar. 

The wood of the aspen lasts long exposed to the weather, and most of the 
poplars prove very durable in a dry state ; agreeable to the woodman's adage, 

" Cover me well to keep me dry, 
And heart of oak I do defy." Ceaog. 

The wood of most of the species makes very good flooring for bed-rooms and 
places where there is not much wear, and it has the advantage of not catching fire 
readily ; or, as Evelyn has it, " the poplar bums untowardly, and rather moulders 
away than maintains any solid heat." Vitruvius has justly observed of the 
poplars, that they are woods sufficiently strong for light purposes, being soft, 
white, and easy to work, and well adapted for carving ; but none of the species are 
fit for large timbers. 

There is not much diflference in the wood of these species. The colour is of a 
yellowish or brownish white ; one side of the annual rings being a little darker 
than the other, which renders the growth of each year visible. They are of an uni- 
form texture, and are without the larger septa. The Lombardy, the black, and the 
common white poplar are the most esteemed. The Lombardy poplar is sometimes 
recommended for cheese-rooms and farm-houses in general, because neither mice 
nor mites will attack it. The cohesive force of a square inch of common white 
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poplar is from 4496 to 6641 pounds, and the others will not differ much from it ; 
the weight of the modulus of elasticity for a square inch is, for abele 1,134,000 
pounds, and for Lombardy poplar 763,000 pounds ; the weight of a cubic foot dry 
is, for abele 32 pounds, for common white poplar 33 pounds, for Lombardy poplar 
24 pounds, for aspen and for black poplar 26 pounds. 

Representing the strength of oak by 100, that of abele is 86, that of Lom. pop. is 60 

stiflEhess of oak by 100, 66, 44 

toughness of oak by 100, 112, 57 

Bee8*8 Cyclopsedia ; Miller's Gardener^s Dictionary ; Yitruvius, lib. ii. cap. ix. ; and Evelyn's Silva. 



DIVISION III. 



393. — In the third division of the second class the woods are distinguished by 
the pores containing resinous matter. Some of the most useful and the most 
durable kinds of wood belong to this division. The cedars and the different species 
of pine belong to this division. 



1. — Cedar ofLibcmuSy or the Great Cedar. 

394. — The cedar of libanus, or Pmus cedrus of botanists, is a cone-bearing 
tree, and an evergreen ; it is a native of Mount libanus, whence it has its name. 
The finest cedars in the time of Yitruvius grew in Candia and Africa ; and there 
were also some grown in Syria, but we do not know of what species. 

It grows to a considerable size ; the mean size of the trunk, according to Has- 
senfratz, is about 39 inches in diameter, and 50 feet in length. Several very fine 
cedars have been produced in this country. The tree which furnished the speci- 
mens on which the author's experiments were made was 34 inches in diameter ; 
it was grown at Ditton Park, near Windsor. 

The wood is said to be very durable. It is stated by Pliny, that in the Temple 
of Apollo at TJtica, cedar was found of nearly 1200 years old. According to Vitru- 
vius, the statue of Diana, in the famous Temple at Ephesus, was of cedar, as well 
as the timber work of the floor and ceiling of that edifice ; and he further states, 
that the timber-work of the most celebrated temples of antiquity was in general 
executed in cedar, on account of its extreme durability. The cedojr used for sta- 
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tues was most probably the oxycedrus (see art. 403); but though Vitruvius 
describes the cedar as having a leaf like cypress, that used for beams, floors, and 
other parts of the temples, was most likely to be the great cedar, as it does not 
appear that the other kinds are large enough for such purposes. Cedar of libanus 
was used by Solomon in the construction of the Temple at Jerusalem. 

It has no perceptible larger transverse septa ; but when it is planed where it 
has been cut across the annual rings, the smaller septa present a very minute and 
beautiful dappled appearance. The general colour of cedar is a rich light yellowish 
brown ; the annual rings distinct, each ring consisting of two parts, the one part 
harder, darker coloured, and more compact than the other. 

It is a resinous wood, and has a peculiar and powerful odour, with a slightly 
bitter taste, and is not subject to the worm. It is straight grained, and easily 
worked, but readily splits. 

The cohesive force of a square inch of cedar is 7400 pounds ; the weight of its 
modulus of elasticity for a square inch is 486,000 pounds according to my expe- 
riments ; and the weight of a cubic foot seasoned is from 30*5 to 38 pounds. 

Representing the strength of oak by 100, that of cedar is 62 

stifihess of oak by 100 28 

toughness of oak by 100, 137 

Prom these proportions it appears that it exceeds the oak in toughness, but is 
vastly inferior in stiffness and strength. 

Evelyn's Silya ; Miller's Grardener's Dictionary ; Rondelet, L'Art de B&tir, tome iv. ; 1 Kings v. and vi. ; 
and Perrault's Vitruvius, lib. ii. chap. ix. 



2, — Bed or Tellato Fir, 

395. — Red or Yellow Fir is the produce of the Scotch fir tree (the Finns syU 
vestris of botanists) ; it is a native of the hills of Scotland, and other northern 
parts of Europe, and common in Russia, Denmark, Norway, Lapland, and Sweden. 
The great forests of Norway and Sweden consist almost entirely of Scotch fir and 
spruce fir. The Scotch fir is exported from thence in logs and deals, under the 
name of red- wood. Norway exports no trees above 18 inches diameter ; conse- 
quently there is much sap-wood ; but the heart- wood is both stronger and more 
durable than that of larger trees from other situations. Riga exports a consider- 
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able quantity under the name of masts and spars ; those pieces &om 18 to 26 
inches diameter are called masta^ and are usually 70 or 80 feet in length ; those of 
less than 18 inches diameter are called spa/ra. According to Mr. Coxe, the greater 
part of the Eiga timber is grown in the districts near the Dneiper. Yellow deals 
and planks are imported from Stockholm, G^fle, Erederickshall, Christiana, and 
various other ports of Norway, Sweden, Prussia, and Russia. 

The Scotch fir is often grown in English plantations, but the wood is seldom of 
much value, as it succeeds only upon dry gravelly ground ; and it appears to me 
to be an inferior variety of the pinus sylvestris that is usually planted, if not a 
different species from that which produces the Riga timber. In the mountainous 
tract through which the river Dee traverses, in Aberdeenshire, there is a fin^ 
forest of natural grown wood ; some of the trees exceed 3 feet in diameter and 
90 feet in height. The wood is of a very good quality, but not equal to the 
best foreign kinds. 

Tar, pitch, and turpentine, are obtained from the Scotch fir ; and the tree is 
not injured by extracting these products, when it has acquired a certain age ; 
indeed some suppose the wood to be improved by it. 

It is the most durable of the pine species ; and it was the opinion of the cele- 
brated Mr. Brindley, the conductor of the Grand Trunk Canal, and an opinion 
founded on observation, ^' that red Riga deal, or pine wood, would endure as long 
as oak in all situations."* Similar observations have been made by Mr. Semple.f 

An instance of the durability of fir is given by Duhamel, who states, that the 
piles of the foundations of an old church which had existed many centuries were 
found to be perfectly sound in the centre, which still had the colour and odour of 
resin, but the outside was a little decayed. And an instance of the durability of 
natural grown Scotch fir is given by Dr. Smith, who states, '' that he had seen 
some of it, which, after it had been 300 years in the roof of an old castle, was as 
fresh and full of sap as new-imported from Memel ;" and ^* that part of it was 
actually wrought up into new furniture."{ And here it may be observed, that 
foreign timber has an advantage that is too seldom allowed to that which is home 
grown ; for it is always seasoned in some degree before it arrives in this country, 
therefore cannot be employed in so unseasoned a state as British timber is gene- 
rally employed. 

Its lightness and stifihess render it superior to any other material for beams, 
girders, joists, rafters, and framing in general. It is also much used for masts 

* Darwin's Fhytologia, p. 521. 

t Treatise on Building in Water, p. 86. 

X Dr. Smith, quoted by Pontey, Forest Fruner, p. 71. 



274 KATITRE AND PROPERTIES OP TIMBER. [§ X. 

and other parts of vessels. Por joiners' work it is also much used, both for external 
and internal work, as it is more easily wrought, stands better, is nearly if not quite 
as durable, and is much cheaper than oak. 

The colour of the wood of the diflferent varieties of Scotch fir differs considerably ; 
it is generally of a reddish yellow, or a honey yellow, of various degrees of bright- 
ness. It consists in the section of alternate hard and soft circles ; the one part of 
each annual ring being soft and light coloured, the other harder and dark coloured. 
It has no larger transverse septa, and it has a strong resinous odour and taste. 
It works easily when it does not abound in resin ; and the foreign wood shrinks 
about one-thirtieth part of its width in seasoning from the log. 

In the best timber the annual rings are thin, not exceeding one-tenth of an iach 
in thickness ; the dark parts of the rings of a bright and reddish colour ; the wood 
hard and dry to the feel, neither leaving a woolly surface after the saw, nor filling 
its teeth with resin. The best Norway is the finest of this kind, and the best Riga 
is of similar quality, and much used for masts. Memel is stiffer, and in other 
respects not much inferior. 

The inferior kinds have thick annual rings : in some kinds the dark parts of 
the rings are of a honey yellow, the wood heavy, and filled with soft resinous 
matter, feels clammy, and chokes the saw. Timber of this kind is not durable, 
nor fit for bearing strains. Mar Forest timber is often of this kind. In other 
inferior kinds the wood is spongy, contains less resinous matter, and presents a 
woolly surface after the saw. Swedish timber is often of this kind, and is then 
inferior in strength and stiffness. 

The cohesive force of a square inch of foreign timber varies from 7000 to 14000 lbs. 

of Mar Forest 7000 to 10000 

of English growth 5000to 7000 

The weight of a cubic foot of foreign fir seasoned, varies from 29 to 40 lbs. 

of English growth, seasoned 28 to 33 

of Mar Forest 38 

The mean weight of the modulus of elasticity for a square inch 

of the foreign varieties of Scotch fir of a good quality is 1,687,000 lbs. 

of Mar Forest 845,000 

of English 951,000 

The mean strength, stiffness, and toughness of oak being each represented by 
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100, those of the different varieties of Scotch fir will be represented by the nam- 
bers below : 

Strength of foreign timber 80, of MarPorest ditto 61, of English grown ditto 60 

Stiffness.... 114, 49, 55 

Toughness 56, 76, 65 

Mr. John White favoured the author with a specimen of Norway yellow fir 
much superior to any of the fir kind that has been experimented upon ; its strength 
was to that of oak as 120 to 100 ; its weight per cubic foot 39 pounds. 

The wood of the Scotch fir from cold climates appears to be always much 
harder than that which is the product of warmer countries ; for from the under side 
of crooked pine trees the Laplanders procure what they term kior, which is always 
as hard as box- wood ; this they use for the bottoms of their sledges, and for the 
outer part of their bows. The Norway timber is also harder than that of 
B/iga, &c. 

Bees's Cyclopaedia, art. " Pinus ; '* Barlow's Essay on the Strength of Timber ; Von Buch's Travels in 
Norway ; Linneeus's Tour in Lapland, vol. i. and ii. ; and Coxa's Travels in Bussia. 



3, — White Fir or Deal. 

396. — ^White fir is the produce of diflferent species of spruce fir ; that from the 
north of Europe is produced by the Norway spruce {Pimiaahiea of botanists) ; but 
that from America is produced either by the white spruce {Pinus cUba), or black 
spruce {Pvims nigra). White fir is imported in deals or planks. 

The Norway spruce {Pinus abies) is a native of mountains in various parts of 
Europe and the north of Asia. The forests of Norway afford it abundantly. A 
considerable quantity is imported from Christiana in deals and planks, which are 
esteemed the best white deals of any ; not so much. Yon Buch says, from the 
superior quality of the tree, as the regular thickness of the deals. The trees are 
usually cut into three lengths, generally of about twelve feet each, and are after- 
wards cut into deals and planks by saw mills, each length yielding three deals or 
planks. A tree requires 70 or 80 years' growth before it arrives at perfection. 
White deals are also imported from Erederickstadt, Drontheim, and other ports in 
Norway ; and from Gottenburg, Biiga, and other of the Baltic ports. At Chris- 

nn2 
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tiana, Mr. Coxe states, that each saw^mill is restricted from cutting more than a 
certain quantity of deals : at that port there are 136 saw-mills, and the quantity 
permitted to be cut amounts to twenty million standard deals, 12 feet long, and 
IJ inch thick. 

It is from the Norway spruce that the Burgundy pitch is obtained. It thrives 
very well in some parts of Britain, and produces very good timber, little inferior 
to the foreign ; it is somewhat softer, and the knots are extremely hard, which 
renders it difficult to work. White deal is very durable in a dry state, and is 
much used for internal joiners' work, and for furniture. It unites well with glue. 

The American white spruce fir {Pinua alba)^ in Canada called epmette^ or 
rather sapinette blanche^ is a native of high mountainous tracts in the colder parts 
of North America. The wood is not so resinous as that of the Norway spruce, 
and it is tougher, less heavy, and generally more liable to twist in drying. It is 
imported in deals and planks. 

The American black spruce fir (Pinus nigra) is a native of the high mountain- 
ous tracts from the northern parts of Canada to Carolina. The black and white 
spruce are so named from the colour of the bark, the wood of both kinds being of 
the same colour. The black spruce is said to produce the best wood ; and, according 
to Pursh, grows to the highest trees. We have not, however, been able to procure 
a specimen that was known to be from the black kind. 

The colour of spruce fir, or white deal, is yellowish or brownish white ; the 
hard part of the annual ring a darker shade of the same colour ; often has a silky 
lustre, especially in the American and British grown kinds. Each annual ring 
consists of two parts, the one hard, the other softer. The knots are generally 
very hard. The clear and straight-grained kinds are often tough, but not very 
difficult to work, and ^tand extremely well when properly seasoned : and they are 
often used for topmasts. 

The cohesive force of a square inch of Christiana deal is from 8000 to 12000 pounds. 

of American white spruce 8000 to 10000 

of British grown Norway spruce is about 8000 

The modulus of elasticity is 1,500,000 pounds for a square inch, taking the 
mean of the three kinds. 

A cubic foot of Christiana deal weighs from 28 to 82 pounds when dry. 

of American white spruce 29 

of Norway spruce (British grown) 34 



Sx.] 



NATUEE AND FBOPEBTIES OV TIMBEB. 



277 



Sepresenting the strength, stiffness, and hardness of oak, each by 100, 



« 


Chiistiaiia daaL 


Amariwin wbitib 
spmce* 


British grown 
Norwsy spmoe* 


The strengtih will be... 


104 
104 
104 


86 

72 

102 


70 
81 
60 


The toughness 



The shrinkage of white deal is about one- seventieth part in becoming perfectly 
dry, according to the author's observations ; the deals being in the state they are 
usually purchased at the timber-yards when first measured. What are termed 
dry d^s will shrink about one-ninetieth part. 

Von Buch's Travels in Norway ; Ree s's Cyclopaedia, art." Pinus ; " Evelyn's Silva ; and Coxe's Travels 
in Norway ; Pursh, North American Flora, vol. ii. p. 640. 



4. American Fines; 5. Pitch Fine ; 6. Silver Fir; and, 7. Finaster. 



397. — The Weymouth pine or white pine {Finus atrobua) is a native of North 
America, and is imported in large logs, often more than 2 feet square and 30 feet 
in length. It is one of the largest and most useful of the American pines, and 
makes excellent masts. The wood is light and soft, but is said to stand the 
weather tolerably well. 

In joiners' work the wood is much used for mouldings, and other work where 
clean straight-grained wood is desirable ; but it is not durable, nor fit for large 
timbers, being very liable to take the dry rot. It has a peculiar odour. 

The colour of the wood is a brownish yellow, the texture is more nearly uniform 
than that of any other of the pine species, and the annual rings not very distinct. 
It stands very weU when seasoned, and is a very good kind of wood for moulds for 
casting from, and for some kinds of furniture ; but its softness renders it unfit for 
many purposes. Its strength, &c. are given in a table in the following page. 

398. — Yellow pine {Pintis variabilis) is a native of the pine forests from New 
England to Georgia, and the wood is much used for many of the carpenter's pur- 
poses, and for shipbuilding. It is also imported into Britain ; but we have not 
been able to procure specimens that were known to be from this tree. 
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399. — ^The pitch pine (Pinua resinosa) is a native of Canada, and is remarkable 
for the abundance and fragrance of its resin. It is a very heavy wood, and not 
very durable : it is also brittle when very dry. It is of a redder colour than the 
Scotch pine, feels sticky, and is diflS.cult to plane. Its other properties are given 
in the table below. 

400. — The silver fir (Pinus picea) is a native of the mountains of Siberia, 
Germany, and Switzerland, and is common in British plantations. It is a large 
tree, and produces the Strasburg turpentine of commerce. It is supposed to attain 
its greatest perfection in this country in about 80 years, and the average increase 
during that period has often been a cubic foot of wood for each year. The girt of 
a tree at Woodhouselee. Midlothian, was 7"4 feet in 1759 at 4 feet from the ground, 
and in 1793 it girted 11 '12 feet. The wood is of a good quality, and much used 
on the Continent both for carpentry and ship-building. The harder fibres are of a 
yellow colour, compact, and resinous ; the softer nearly white. Like the other 
kinds of fir, it is light and stiff, and does not bend much under a considerable load ; 
consequently floors constructed of it remain permanently level. It is subject to the 
worm. Wiebeking says, it lasts longer in the air than in water, and it is therefore 
more fit for the upper parts of bridges than for piles and piers. 

401. — ^The cluster pine (Pintia pinaster) is a native of the rocky mountainous 
parts of Europe, and is sometimes cultivated in British plantations. It is a larger 
tree than the Scotch pine, and produces both pitch and turpentine ; and its wood 
is not of so red a colour. Wiebeking says, the wood of the pinaster is more durable 
in water than in air, that it is of a finer grain than either the pine or silver fir, and 
contains less resin than either. 



Table of Properties of the preceding Species. 



Kind. 

.... • 


Weight of 

a cable 

foot. 


Weight of modulus 

of elasticity for a 

square inch. 


Cohesive force of 
a square inch. 


ComparatiTe 
stiffness. 


Comparative 
strength. 


ComparatiTe 
toughness. 


Weymouth pine. . . 

Yellow pine 

Pitch pine 


pounds. 

28J 

28 

41 

25i 

25i 


pounds. 

1,633,500 
1,252,200 


pounds. 

11,835 
9,796 


95 
73 


99 
82 


103 
92 


r 

Silver fir 


Pinaster 
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In the fifth, sixth, and seventh columns, the stifihess, strength, and toughness 
of oak are each supposed to be represented by lOO, 

Rees's Cyclopaedia, art. " Pinus ; " Wiebeking on Bridges ; Barlow's Essay on the Strength of Timber ; 
Beauties of Scotland, vol. i. ; Pursh, North American Flora. 

401 a. — Large trees of unknown species of pine have been discovered on the 
N.W. coast of America, by Mr. David Douglas, which afford fair prospects of being 
raised with advantage in this country. Of one kind he observed trees 70 feet in 
height without a branch ; and the wood is apparently of an intermediate kind, 
between the Baltic yellow fir and the white. Mr. Douglas having succeeded in 
bringing home seeds in a state fit for vegetation, we may soon expect to see trees 
of these kinds in the gardens of the Horticultural Society of London. 



8. — Larch. 

402. — Of the larch tree there are three species; one European, and two 
American. The European larch tree {JPirnis laHx) is a native of the Alps of 
Switzerland, Italy, Germany, and Siberia. The variety from the Italian Alps is 
the most esteemed, and has been lately introduced to a considerable extent in the 
plantations of Britain. The Duke of Athol has been one of the most arduous in 
promoting this desirable object. It is a straight and lofty tree of rapid growth. 
A tree of 79 years' growth was cut at Blair Athol in 1817, which contained 252 
cubic feet of timber, and one of 80 years' growth at Dunkeld measured 300 cubic 
feet,* and a tree of 54 years' growth in Derbyshire contained 83^ cubic feet.t 
According to Hassenfratz, the mean size of the trunk is 45 feet in length and 33 
inches in diameter. 

It is extremely durable in all situations, failing only where any other kind 
would fail : for this valuable property it has been celebrated from the time of 
Vitruvius, who regrets that it could not be easily transported to Rome, where 
such a wood would have been so valuable. It appears, however, that this was 
sometimes done ; for we are told that Tiberius caused the Naumachiarian Bridge, 
constructed by Augustus, and afterwards burnt, to be rebuilt of larch planks, pro- 
cured from Bihsetia. Among these was a trunk 120 feet in length, which excited 
the admiration of all Bome. % The celebrated Scamozzi also extols the larch for 

• Philosophical Magazine, vol. liii. p. 424. f Farey's Derbyshire Reporter, vol. ii. p. 252. 

X Beckman's History of Inventions, vol. ii. p. 299. 
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every purpose of building : and it has not been found less valuable when grown in 
proper soils and situations in Britain. 

In posts, and other situations where it is exposed to damp and the weather, 
it is found to be very durable. The Duke of Athol has known it to last from 20 
to 34 years in such situations, particularly the knotty top-wood. 

In countries where larch abounds it is often used to cover buildings, which 
when first done are the natural colour of the wood, but in two or three years they 
become covered with resin, and as black as charcoal ; the resin forms a kind of 
impenetrable varnish which effectually resists the weather. Larch is not attacked 
by common worms, and does not inflame readily. 

The larch, says Wiebeking, is preferable to the pine, the pinaster, or the fir, for 
the construction of the arches of wooden bridges ; and Mr, Coxe states that the 
borderers on the Lake of Geneva prefer it for building their vessels : indeed the 
larch is useful for every purpose of building, whether external or internal ; it 
makes excellent ship-timber, masts, boats, posts, rails, and furniture. In some 
parts of Kamtschatka it arrives at a considerable size, and is there used for ships, 
and lasts extremely well.* It is peculiarly adapted for flooring-boards in situations 
where there is much wear, and for staircases ; in the latter, its fine colour when 
rubbed with oil is much preferable to that of the black oaken staircases to be seen 
in some old mansions. It is well adapted for doors, shutters, and the like ; and, 
from the beautiful colour of its wood when varnished, painting is not necessary. 

The wood of the American black larch or Tamarack (Pinus pendula) is said to 
be nearly equal to that of the European larch ; and that of the American red larch 
(Pintis microcarpa) is also of a very good quality; but they do not produce 
turpentine as the European kind. 

Mr. Chapman states that the wood of the larch tree is much improved in 
hardness by barking the trees in the spring, and felling them late in the autumn ; 
and as a want of stiffness is one of tlie most striking defects of larch for the car- 
penter's purposes, such as joists and beams, it would be desirable that further 
trials should be made ; as, from the form of the tree, barking would be easily 
accomplished, as far as would be necessary. 

The wood of the European larch is generally of a honey-yellow colour, the hard 
part of the annual rings of a redder cast ; sometimes it is brownish white. In 
common with the other species of pine, each annual ring consists of a hard and 
soft part. It generally has a silky lustre, and its colour is browner than that of 
the Scotch pine, and it is much tougher. It is more diflS.cult to work than Riga 

• LangdorfTs Travels, vol. ii. p. 267. 
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or Memel timber ; but the surface is better when once it is obtained. It bears 
driving bolts and nails better than any other kind of the resinous woods. When 
it has become perfectly dry it stands well, but warps much in seasoning. 

The cohesive force of a square inch is from 6000 to 13,000 pounds ; the modulus 
of elasticity for a square inch is 1,363,500 pounds ; and the weight of a cubic foot 
of larch varies from 20 to 40 pounds when dry. 

Bepresenting the mean strength of oak by 100, that of larch is... 103 

stif&iess of oak by 100, 79 

toughness of oak by 100, 134 

Of the larch wood there are two very distinct kinds, differing much both in 
colour and quality ; the one being of a redder colour, harder, of a straighter grain, 
and more free from knots than the other, which is of a white colour and coarse 
grain. The white kind is the most common. We have made experiments on both 
kinds, from the Duke of AthoFs woods in Scotland. It certainly would be 
desirable that trees producing woods so different in quality should be carefully 
examined by a scientific botanist. 

402 a. — In order to try the value of larch as ship-timber, two ships were built ; 
the one of larch from the Duke of AthoFs estates, which was launched in 
November, 1820, and called the Athol; the other of Baltic fir, and called the 
Nieman. These vessels, after being on like service, were examined in December 
1827, when it was found that the Athol required only a very small repair ; but the 
Nieman was found to be so very defective as to be proposed either to be broken up 
or taken to pieces. 

On some specimens of larch of average quality, which the Duke of Athol sent 
the author from Scotland, the following experiments were made. 

402 b. — To determine the resistance to crushing, several pieces were tried in 
Messrs. Bramah's press by Mr. Benton ; the first two pieces were 1*94 by *94 
inches, section ; the other two inches by one. The first piece, 6 inches long, bore 
7040 lbs. two hours without any sensible fracture, and 

Crushed with 9600 lbs. or 5285 lbs. per square inch. 

the second 6 inches long crushed with 1 0880 — or 5979 — ditto 

third 6 inches long crushed with 8960 — or 4480 — ditto 

fourth 6 inches long crushed with 9600 — or 4800 — ditto 

fifth 8 inches long crushed with 8960 — or 4480 — ditto 

sixth 9 inches long crushed with 8960 — or 4480 — ditto 

Mean 4917 lbs. per square inch, 
o o 
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The length within these limits has obviously little influence on the results (see 
art. 180)^ where experiments on other woods are given. 

402 c. — Out of the series of specimens of larch the author selected twelve, and 
three of these as of mean quality ; the rest as being all the distinct varieties ; of the 
latter the resistance to flexure only was measured, and is stated below. The pieces 
were 2 inches in breadth, 1 inch deep, and 3 feet between the supports, the load 
being applied at the middle between them. 



Quality of wood. 



No. 1. Straight grained, of the red kind, ^ 
compact, with a strip of white sap- > 
wood along the angle ) 

No. 2. Of similar quality, but chiefly sap- ") 
wood 3 

No. 3. More close grown wood, but less 
heavy ; had twisted much in diy- 

iiig 

No. 4. Eed kind, straight grained, and ^ 
very rapidly grown wood ; warped > 
much longitudinally } 

No. 5. A coarse-grained piece from near ") 
the heart of a piece of top-wood, > 
with many small knots ) 

No. 6. Ditto with more knots 

No. 7. A knotty specimen of the light- 1 
coloured kind, from the heart. . . . j 

No. 8. A duU-grained specimen of the red \ 
kind, rather knotty j 

No. 9. Quick-grown specimen of red kind, ") 
straight grained and light ) 



Mean indination of 

the rings from the 

vertical. 



Weight prodadng a 

depression of ^ an 

inch. 



1 in 11 



1 in 2i 



m 



m 



m 



140 &s. 



118 



80 



62 



88 



1 in 1 


95 


horizontal 


129 


vertical 


95 


1 in 3 


70 




Mean 97 




> • ■ 



402 d. — ^The three specimens of average quality each bore 90 lbs. for about 15 
hours, without more than barely sensible permanent set. The first broke with 
423 lbs., the second with 425 lbs., and the third with 365 lbs. ; hence, we may in 
this wood assume that one- fifth of the breaking weight does not produce permanent 
alteration. 

The properties derived from these trials are, that larch bears a stress of 2450 lbs. 
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per square inch without permanent alteration, and an extension of^f^ of its 
length : the weight of the modulus of elasticity for a hase of an inch square is 
1,020,000 lbs. ; the weight of a cubic foot dry 34^ lbs. ; and the modulus of resi^ 
Uence * 5-6. 

But, from the fine specimen, No. 1 of the table in the preceding article, the 
properties are, — it bears a stress of 3800 lbs. per square inch without permanent 
alteration ; with an extension of ^Jr ^^ its length ; the modulus of elasticity for a 
base of an inch square is 1,660,000 lbs. ; the modulus of resilience is 8*8, and the 
weight of a cubic foot very nearly 36 lbs. Larch-wood of this quality is admirably 
adapted for masts of ships. 

Vitnivius, book ii. chap, ix, ; Rees's Cyclopaedia, art. "Pinus ;*' Wiebeking on Bridges ; Coxe's Travels 
in Switzerland, vol. ii. p. 103 ; Chapman on Preservation of Timber ; North American Flora, vol. ii. p, 645 ; 
Treatise on Larch Timber, in manuscript, by the Duke of Athol. 



9. — Cedar. 

403. — Of the cedar tree (the Juniperus of botanists) there are several species 
that produce valuable wood. There are also several other kinds of timber that are 
often called cedar. Thus a species of cypress is called white cedar in America ; 
and the cedar used by the Japanese for building bridges, ships, houses, &c. is also 
a kind of cypress, which Thunberg describes as a beautiful wood, that lasts long 
without decay. 

The Juniperu8 oxycedruB is a native of Spain, the south of Prance, and the 
Levant ; it is usually called the brown-berried cedar. The wood of this species is 
supposed to have been the famous cedar of the ancients, so much celebrated for its 
durability, of which some of their first statues were made, before the use of marble 
in that branch of art was known. 

The Bermudian cedar (Juniperua Bermvdiana) a native of Bermuda and the 
Bahama Islands, is another species that produces valuable timber for many pur- 
poses, such as internal joiners' work, furniture, and the like. 

The red cedar, so well known from its being used in making black-lead pencils, 
is produced by the Virginian cedar {Junipervs Firginiana), a native of North 
America, the West India Islands, and Japan. The tree seldom exceeds 46 feet 
in height. 

* See Treatise on the Strength of Cast Iron. 

oo2 
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The wood of the red cedar is very durable, and is not attacked by worms or 
insects. It is used for drawers, wardrobes, and various kinds of furniture, for 
ship-building, and for pencils. Its colour is a brownish red, the sap-wood nearly 
white, texture nearly uniform : it is brittle, very light, and has a strong and pecu- 
liar odour, which renders it unfit to be employed in considerable quantities for 
internal work. 

Its specific gravity is *650. The cohesive force of cedar, according to Muschen- 
broek's experiments, is 4875 pounds for a square inch ; but the kind is not men- 
tioned.* 

Evelyn's Silva, Dr. Hunter's notes ; Thunberg's Travels ; Miller's Gardiner's Dictionary ; and Bees's 
Cyclopaedia. 



10. — Cowrie. 

403 a. — The Cowrie is brought from New Zealand, and possesses many of the 
most esteemed qualities of the pine species : it is from a coniferous tree (the Dam- 
mara Australis) , Bud contains a considerable quantity of resin. It appears to 
shrink very little, and bears exposure to the eflEects of the weather very well ; the 
mean diameter of the trunk of the tree is said to be from 3 to 6 feet, and it is from 
90 to 100 feet in height. 

It is a close, even, and fine grained wood, of a very uniform texture ; its 
colour is a light yellowish brown, the lustre silky, the annual rings marked by 
a line of a deeper tint of the same colour. It unites well with glue ; and seems 
admirably adapted for internal joiners' work ; it is used for masts and yards of 
ships. 

The cohesive force is from 9600 to 10960 lbs. per square inch ; the weight of 
the modulus of elasticity for a base an inch square is 1,982,400 lbs. ; and the 
weight of a cubic foot dry varies from 35 to AOj lbs. 

Fincham, in the Papers on Naval Architecture, vol. i. 



* Intro, ad Phil. Nat. torn. L p. 414. , 



TABLES OF SCANTLINGS, SPECIFIC GRAVITIES, ETC. 



No. I. 

Taible of the ScatUUngt of Qirdert, of TeUau) Mr, for different Bearings, from 10 to 36 feet; Qirdere 

10 fset apart Jrom middle to middle. See Sect. III. art. 138 to 148. 



bewing 
in feet. 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
38 
84 
85 
86 



Depth 
10 inches. 



Breadth 
in inches. 

74 

9 

lOi 

12i 
14^ 
16i 
18* 



Depth 
11 inches. 



Breadth 
in inches. 

H 

6i 

8 

9* 
lOf 
12J 
14 
16 

17* 
19i 



Depth 
13 inches. 



Braadth 
in inches. 

4 

5 

5* 

6i 

7i 
9 

lOi 

114 

18 

144 

16 

174 
194 



Depth 


Depth 


19 inches. 


30 inches. 


Braadth 


Breadth 


in inches. 


in inches. 


9* 


8i 


101 


9 


11 


H 


Hi 


10 


124 


lOf 


184 


11* 


14 


12 



Depth 
31 indies. 



Breadth 
in indies. 

74 

7* 

84 
8* 

94 

10 

104 



Depth 
13 indies. 



Breadth 
in inches. 

84 

41 

5 

6* 

61 

71 

81 

91 
11 
12 

m 

15 

164 
18 

194 



Depth 
14 indies. 



Braadth 
in inches. 

21 

84 

81 

44 
54 

6 

7 

8 

81 

91 
101 
12 
18 
141 
154 
161 
184 
19| 



Depth 
16 indies. 



Braadth 
in inches. 

24 

21 
84 
81 

44 

6 

51 

64 

74 

8 

9 

91 
101 
llf 
121 
181 
15 
16 

174 

184 
191 



Depth 
16 inches. 



Breadth 
in inches. 

u 

24 

21 
8 

84 
4 

41 

54 
6 

64 
74 

8 

81 
94 

104 

114 
124 

18 

141 

154 

164 

174 

184 

191 



Depth 
17 inches. 



Breadth 
in inches. 

14 

2 
24 

24 

3 

84 
4 

44 

5 

54 
6 

61 

74 
8 

81 

94 

104 
11 

111 

121 
184 
144 

154 

164 

174 
184 
194 



Depth 
18 incites. 



Breadth 
in indies. 

1* 
u 

2 

2i 

2* 

8 

Si 

H 

4 

4f 

5i 

Si 

6i 

6i 

74 
8 

8* 
94 
10 

104 

114 
124 

18 

14 

144 

164 

164 



Lragthof 
bMuing 



10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 
33 
34 
35 
36 



To find the scantling for a girder of any length of bearing, look in either the right or left hand oolmnn 
for the bearing, and opposite in any of the other oolnmns is the breadth, with the proper depth for that 
breadth at the head of the oolmnn ; therefore sach a breadth and depth may be selected as will be conve- 
nient for the intended purpose. Thus, for a 20 feet bearing a girder may be 16 inches in breadth, and 
12 inches deep ; or the breadth may be 184 inches, and the depth 13 inches, and so on ; but where there 
is space to admit of a deep girder it requires less timber. A new series of depths begin for bearings above 
29 feet. 

74^ 
This table is calculated by the equation — -^ =: h : where I is the length in feet, and h and d the breadth 

and depth in inches. The bearing is the distance between the centres of the supporting wall-plates ; and 
the scantlings the least that will answer the purpose. 
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No. II. 



ntUnffs of Binding Joisti^ of Telhto Mr, for different Betmngs^ from 5 to \ 
distance from middle to middle is 6 feet. See Sect. III. art. 149 and 150. 



Length of 
betting 
in feet. 



5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



Depth 
6 inches. 



Bz«adth 
in inches. 

6* 



Depth 
7 inoies. 



Breadth 
in inches. 

3 
4 

5i 

7 



Depth 
8 inches. 



Depth 
13 inches. 



Breadth 
in inches. 

4 
44 
54 
6i 

64 

74 



Depth 
14 inches. 



Breadth 
in inches. 

6 



Breadtli 
in inefae.. 

2 
3 
4 

64 
64 

8 



Depth 
15 inches. 



Breadth 
in inches. 

2i 

8i 

3* 

4 

4i 



Depth 
9 inches. 



Bz«adth 
in inches. 

2 

24 

34 

44 

6i 
64 

8 



Depth 
10 inches. 



Bz«adth 
in inches. 



2 

24 
34 
4 
5 
6 
7 
8 
9 
104 



Depth 
11 inches. 



Breadth 
in inches. 



Depth 
12 inches. 



2 

24 
3 

34 

44 
54 
64 
64 

74 

84 
10 



Breadth 
in inches. 



2i 
3 

3* 
4 

5* 
6 

n 

94 



Length of 
bearing 
in feet. 



5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 



To find the «oa&tliBg for a binding joist for any bearing, look in either the right or lefb hand column of 
the table for the bearing in feet, and opposite the length of bearing, and under some one of the depths at the 
head of the columns, wiU be found the breadth required. Thus, if it be required to find the scantling for a 
binding joist for a 10-feet beariiig, 9 inches is a depth that would be suited to the floor ; then opposite 
10 feet, in one of the side columns, and under 9 inches at the head of one of the middle columns, we find 
54 inches, the breadth required. If 8 inches had been fixed upon for the depth, it would have required 
8 inches in breadth to be equally as stiff as one 9 by 54. K the bearing be 19 feet, and 13 inches should 
be of convenient depth, then opposite 19 in the side columns, and under depth 13 inches, we find 64 inches, 
the breadth required. 

40P 



This table is calculated by the rule 

« 

breadth, each in inches. 



d^ 



h ; where I is the length in feet, and d the depth, and h tbe 



TABLES OP SQAKTLINaS. 
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No. III. 



Table of the Sea/ntlings for Single Joitting, or Bridging Joists, of Yellow Fir^Jbr different Bearings, from 
5 to 25 feet; the distance Jrom middle to middle 12 inches. See Sect. III. art. 137 and 153. 



Length 
of bear- 


Breadth 


Breadth 


Brmdth 


Breadth 


Breadth 


Breadth 


Bimdth 


Breadth 


Bnndth 


Biwdth 


Length 
of bear. 


ing in 


14 in. 


If in. 


2 in. 


2iin. 


2iin. 


af in. 


3 in. 


Siin. 


afin. 


4 in. 


ing in 


feet. 






















feet* 




Depth 
in in. 


Depth 
in in. 


De|itli 
in ID. 


Depth 

in in. 


Depth 
ink 


Depth 
in in. 


Depth 
in In. 


Depth 
in in. 


Depth 
in In. 


Depth 
in In. 




6 


5f 


5J 


5i 


5 


4* 


4t 


4f 


4i 


4i 


4 


5 


6 


6i 


6 


5i 


6* 


5f 


5i 


5 


** 


4i 


*i 


6 


7 


7 


6f 


6i 


6i 


6 


5f 


5i 


6* 


5i 


5 


7 


8 


7i 


7i 


7 


61 


^ 


61 


6i 


6 


51 


5i 


8 


9 


8i 


7i 


7i 


7 


6* 


6J 


6i 


6i 


6 


51 


9 


10 


9 


8i 


8 


7i 


7i 


7i 


7 


61 


6i 


6i 


10 


11 


9i 


9 


8* 


8i 


8 


7J 


7i 


7i 


7 


«J 


11 


12 


10 


91 


9i 


9 


8i 


8i 


8 


7f 


7i 


7i 


12 


13 


lOi 


lOi 


9i 


9i 


9 


8J 


8i 


8i 


8 


7} 


13 


14 


11 


lOJ 


10 


9i 


9i 


9i 


9 


8J 


8i 


8 


14 


15 


11* 


11 


lOi 


10 


9* 


9| 


9i 


9 


8J 


»i 


15 


16 


12i 


Hi 


11 


10* 


10| 


10 


91 


H 


9i 


8| 


16 


17 


12f 


12 


Hi 


Hi 


lOJ 


lOJ 


lOi 


10 


9i 


9i 


17 


18 


13i 


12i 


12 


Hi 


Hi 


lOf 


lOi 


lOi 


10 


9i 


18 


19 


13i 


13 


12i 


12 


Hi 


Hi 


lOi 


10* 


lOi 


10 


19 


20 


14i 


18J 


13 


12i 


12 


Hi 


Hi 


11 


lOf 


10} 


20 


21 


m 


14 


13i 


12* 


12i 


12 


11* 


Hi 


11 


lOf 


21 


22 


15 


m 


13* 


13i 


12* 


12i 


12 


Hi 


Hi 


11 


22 


23 


15i 


Ui 


14 


13i 


13 


12J 


12* 


12 


Hi 


Hi 


23 


24 


16 


15J 


14i 


14 


131 


13i 


12i 


12i 


12 


llf 


24 


25 


16i 


15J 


15 


14i 


14 


13i 


13 


I2i 


12i 


12 


25 



To find the scantling for a joist for any bearing, look in either the right or left hand colnnm. iQr..thft 
given bearing, and opposite in any of the other columns will be found the depths with the corresponding 
breadth at the head of the column ; therefore such a breadth may be taken, as is best adapted to the purpose, 
required. Thus, for a 14 feet bearing, a joist 10 by 2 is of the same degree of stiffiiess as one 9 by 3, or a.s 
one of any other depth opposite 14, with the breadth at the top of the column. 

This table was calculated by the equation ( ~~r) * x 2*2 = J. See art. 137. 
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No. IV. 



Table of the SeantUngi of Ceiling JoisU, of Tellow Mr, for differerU Bearings, Jrom 4 to 15 feet; diHtmee 

from middle to middle 12 vneheB. See Sect. III. art. 154. 



Len^ 
















Length 


of bear- 


Breadth 


Breadth 


Breadth 


Breadth 


Breadth 


Bmdth 


Breadth 


of bar- 


ing in 


liin. 


If in. 


2 in. 


2iin. 


Hin- 


3} in. 


Sin. 


ing in 


feet. 
















fMt. 




Depth 
inm. 


Depth 
in in. 


Depth 
in in. 


Depth 
in in. 


Depth 
in in. 


Depth 
in in. 


Dmth 
in in. 




4 


2i 


2i 


2 










4 


5 


2* 


2* 


2i 










5 


6 


3* 


H 


3 


21 








6 


7 


4 


3f 


3i 


3* 


Si 






7 


8 


*i 


4i 


4 


H 


3f 


31 


8i 


8 


9 


5 


4J 


^ 


4i 


4* 


4* 


4 


9 


10 


5f 


5f 


5 


4| 


4} 


41 


4i 


10 


11 


6i 


5* 


5| 


5* 


5* 


5i 


6 


11 


12 


6* 


6* 


6 


51 


H 


5* 


5i 


12 


13 


H 


7 


^ 


6i 


6 


51 


H 


13 


14 


8 


7t 


7 


6} 


6* 


6* 


6i 


14 


15 


8i 


7* 


n 


7* 


7i 


7 


6f 


15 



In order to find the scantling of a ceiling-joist for any bearing, look for the length of the bearing in 
either the right or left hand column, and opposite will be found the depth, with the breadth at the top of 
the column, containing the depth that is most convenient. 

Ceiling-joists should never have very long bearings, particularly those for ceilings nexfc the roof of a 
house ; as long joists are subject to warp, which breaks the plastering. 

The distance from middle to middle should never exceed 12 inches, otherwise the bearing for the laths 
becomes too long. If the distance from middle to middle exceeds 12 inches, double laths should be used. 

'64 I 
This table is calculated by the rule -r — = d\ where I is the length, d is the depth, and b the breadth. 
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No. V. 

Table of SeantUngB of Timbers ofd^ermt Spans Jrom 20 to SO feet, for the Boof shewn in fig. 49, Plate V . 

See Sect. lY. art. 164. 



Span. 


Tie beam A. 


King post K. 


Principal 
rafters P. 


Braces B. 


PnrtinsC. 


Small nfters 
r. 


feet. 


inches. 


inches* 


inches. 


inches. 


inches. 


inches. 


20 


»ix4 


4x3 


4x4 


3^x2 


8 X4f 


8^x2 


22 


9i 5 


5 8 


5 8 


H 2i 


8i 5 


8} 2 


24 


10^ 6 


5 8i 


5 87 


4 2i 


8i 5 


4 2 


26 


Hi 6 


5 4 


5 4i 


4i 2i 


8f 5 


4i 2 


28 


Hi « 


6 4 


6 8i 


H ^ 


8} 6i 


4i 2 


80 


121 6 


6 4i 


6 4 


4f 8 


9 5i 


4} 2 



In this table the trusses are supposed to be not more than 10 feet apart, the pitch of the roof about 
27 degrees, the covering slate, and the timber yellow fir. The timbers are marked with the letters A, K, P. 
B, C, and r, in the engraving^. 49. 



No VI. 

Table of SeawtUngs for Boofsfrom 80 to 4Jdfeet Span, to Deeign fig. 50, Plate Y. ; Trusses 10 feet apart. 

See Sect. lY. art. 165. 



Span. 


Tie beam A. 


Qneen posts 


Principal 
nfters P. 


Staining 
beams. 


Braces B. 


PnriinsC. 


Small rafters 
r. 


feet. 


inchee. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


82 


10 x4i 


4^x4 


6 X4i 


6fx4i 


8}x2i 


8 X4} 


8|x2 


84 


10 6 


5 8i 


5 5 


64 5 


4 2\ 


8i 5 


8| 2 


86 


lOi 6 


5 4 


5 5f 


7 5 


4i 2i 


81 5 


4 2 


88 


10 6 


6 ^ 


6 6 


7i 6 


^ 2i 


8i 5 


4 2 


40 


11 6 


6 4 


6 6 


8 6 


^ 2i 


8f 5 


4i 2 


42 


\\\ 6 


6 ^ 


6i 6 


8i 6 


^ ^ 


8f 6i 


4i 2 


44 


12 6 


6 5 


61 6 


8| 6 


4i 8 


9 5 


4} 2 


46 


12\ 6 


6 ^ 


7 6 


9 6 


4J 8 


9 5i 


5 2 



Pitch of the roof about 27 degrees, covering slate, and timber yellow fir. The letters refer to the 
engraving, as in the table above. 

The scantlings in these tables are calculated by the rules in Sect. lY. The scantlings are the smallest 
that ought to be used for good Biga or Memel timber ; of course soft and inferior kinds of timber will 
require them to be larger. 

P P 
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No. vn. 



Table of Scantlings for Soofi of from 46 to 60 feet Span, to Design fig. 61, Plate VI. ; Trusses 10 feet a^rt. 

See Sect. IV. art. 166. 



Span. 


TiebeaaiA. 


Queen posts 


Posts D. 


Principal 
niters P. 


Stusining 
beams. 


Braces B. 


PvrUnsa 


Small 
lafters r. 


feet. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


inehei. 


inchee. 


48 


11^x6 


6 X5} 


6x2i 


7^x6 


8ix6 


4^x2} 


&^X5 


4 X2 


60 


12 6 


6 6i 


6 2| 


8| 6 


8i 6 


H 2} 


8} 5 


4^ 2 


62 


12 ^, 


6 6f 


6 2J 


9i 6 


8i 6 


4J 2f 


8i 6i 


41: 2 


64 


12 7 


7 6i 


7 2i 


61- 7 


9 6 


4f 2f 


8} 5} 


4)^ 2 


m 


12 8 


7 6J 


7 2i 


7i 7 


9i 6 


6 2f 


8f 6i 


4^ 2 


68 


12 8i 


7 7i^ 


7 24 


8i 7 


94 7 


5 2} 


9 6^ 


4} 2 


60 


12 9 


7i 7 


7 3 


9 7 


10 7 


6 3 


9 H 


4| 2 



No. VIII. 

Tai/fi* of Scantlings for Boofifrom 60 ^o 90/^^^ Span, to Design ^g. 62, Plate VI. ; Trusses 10 feet apart. 

See Sect. IV. art. 167 and 168. 



Span. 


Tie beam A. 


Queen posts 

a. 


Posts D.D. 


Principal 
rafters P. 


Straining 
beam S. 


Kingpost 


1 

Braces B. 


Purlins C. 


SmaU 
rafters r. 


feet 


inches. , 


inches. 


inches. 


inches. , 


inches. 


inches. 


inches. 


inciies. 


inehes. 


66 


16xlO| 


8 x7 


6x3 


8 X 7i 


lO^X 8 


6x3 


6x3^ 


8^x6 


4X2 


70 


16 llf 


9 6J 


6 3i 


9 7 


10^ 9 


6 3| 


6 4 


8i 5 


44 2 


76 


\l \^^ 


9 7i 


6 4 


9 8 


Hi 9 


6 4 


6 4^ 


8f 6 


H 2 


80 


16 13 j 


9 9 


6 4 


10^ 9 


12 9 


6 4 


6 3i 


8J 6i 


H 2 


86 


16 13i. 


9\ 9 


6 4^ 


12 9 


12f 9 


6 4^ 


6 4 


9 6| 


4J 2 


90 


16 14 


10 9} 


6 4i 13| 10 


13 10 


6 4^ 


6 4 


9 6| 


5 2 



In these tables the pitch of the roof is supposed to be about 27 d^ees, the covering slate, and the 
timber to be good Eiga or Memel fit. Inferior timber will require to be of krger dimensions, but the 
addition of one-fourth of an inch to each dimension will be sufficient for any difference in quality, except it 
be knotty timber. The letters refer to the parts on the engravings. 
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No. IX. 

Tiible ofSeantlingM far Boofi from 55 to 65 feet Span, to design fig. 53, Plate YII. ; Truues 10 feet 

apart. See Sect. lY. art. 169. 



Span. 


Tie beam A« 


Uneeo poets 

a. 


Principal rafters 
P. 


Straining beam 

S. 


Posts D. 


Braces B. 


foot. 
55 


inches. 
12 X 8 


inches. 
8x6 


inches. 

8x8 


inches. 
10 X 8 


inches. 

6x4 


inches. 

6x4 


60 


12 X 9 


9X6 


9 X 7i 


10 X 9 


6x4^ 


6x4^ 


65 


13 X 9| 


9i X 6^ 


9^ X 8 


11 X 9i 


6x5 


6x5 



In roofs of this design, and between 55 and 65 feet span, the purlins may be 9 inches by 5 inches, and 
common rafters 5 inches by 2 inches. 

NcX. 

Table of ScantUngs for Boofs from 70 to 85 feet Span, to Design fig. 54, Plate VII. ; Tiwsee 10 feet 

apart. See Sect. IT. art. 170. 



Span. 


Tie beam A. 


Queen posts 

a. 


Principal rafters 
P. 


straining beam 

S. 


Scantlings of 
^the upper parts 
may be got from 
Table No. 5. 


ftet. 

70 


inches. 
15 X 11| 


inches. 

9i X 8 


inches. 

13 X 9i 


inches. 
12 X 9| 


75 


15 X 14 


10 X 8| 


13f X 10 


12 X 10 


80 


16 X 13\ 


10^ X 9 


14 X 10| 


13 X 10^ 


85 


16 X 14^ 


11 X 10 


14^ X 11 


18 X 11 



No. XI. 

TdhU of ScantUngs for Boofs from 20 to ^2 feet Span, to Design fig. 60, Plate VIII. ; Trusses 10 feet 

apart. See Sect. IV. art. 172. 



Span. 


1 

Tie beam. 


Cnnredrib. 


Suspending pieces. 


ParUns. 


C!omnion raften. 


No. of 
pain. 


Scantlings of 
each piece. 


feet. 
20 


inches. 
8x4 


inches. 
4x4 


3 


inches. 

4x2 


inches. 
8X5 


inches. 
3i X 2 


24 


8X4 


4} X 4 


3 


4X2 


8X5 


4x2 


28 


8x5 


5| X 5 


3 


4 X 2^ 


8i X 5 


4J X 2 


80 


8^ X 5 


6x5 


3 


4 X 2^ 


8i X 5 


4J X 2 


32 


9 X 5^ 


6 X 5^ 


3 


4 X 2i 


8^ X 5 


5x2 



The pitch, &a. the same as the preoeding tables. 

P P 2 
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No. XII. 



Table of Scantlings for Boofsfrom 36 to 100 feet Span, to Design fig. 67, Plate Vlll. ; l^wses 10 feet 

apart. See Sect. IV. art. 171. 



Spaa. 


Tie-beam. 


Cnnredrib. 


Suspending pieces. 














No. of 


Scantling of 










pain. 


each piece. 




feet. 


inches. 


inches. 




inches. 


35 


11 X 6 


6x6 


4 


4 X 2i . 




40 


11 6 


7 6 


4 


4 2f 


N 


45 


11 6^ 


8 6i 


5 


4 2f 




60 


11 7 


9 7 


6 


4 3 




66 


11 7 


10 7 


6 


4 3 




60 


11 8 


10 8 


6 


4 Si 


Piirlin«9 X 5 


65 


11 9 


10 9 


7 


4 3^ 


inches. 


70 


11 9i 


11 9| 


7 


^ 3i 


*- 


75 


11 10 


11 10 


8 


^ ^ 


Small rafters 


80 


12 10 


12 10 


9 


H H 


5x2 inches. 


85 


12 11 


12f 11 


9 


^ 3i 




90 


12 11 


14 11 


10 


6 3i 




96 


12 12 


14 12 


11 


6 3| 




100 


12 12 


16 12 


11 


6 4 


J 



The pitch is supposed to be about 27 degrees, the covering slate, and the timber good Biga or Memel fir. 



Since this table and the description, art. 171, were written, a roof has been executed on this principle, 
over the Royal Military Chapel at Woolwich, of which the span is 60 feet. As the rise was intended to 
be as little as was consistent with the necessary degree of strength, it was determined by a similar equation 
to that in art. 270, Sect. YIII. and the scantlings were calculated accordingly. It is covered with lead, and 
carries a heavy ornamented ceiling. The suspending pieces are of iron. 
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No. XIII. 

Table of the Scantlings of Binding JoistB, of Tellow Fir, that have to carry a Ceiling only, for different 
Bearings, from 5 to 12 feet; distance apart not more than 6 feet. See Sect. III. art. 152. 



Len^of 


Braadth 


Bieadth 


Breadth 


Btwdth 


BiMkUh 


BrMdtli 


Biwdth 


Breadth 


Length of 


baaring 
in feet. 


3 inches. 


aiinebM. 


3 inches. 


Shindies. 


4ineliM. 


4 ineliei. 


6 inches. 


finches. 


bearing 
in feet. 




Depth 


Depth 


Depth 


Itopth 


Deptlk 


Depth 


Depth 


Depth 






in inches. 


in inches. 


in inches. 


in inches. 


in indiM. 


in incites. 


in inches. 


in inches. 




5 


4* 


^ 


4i 


4 


H 


3i 






5 


6 


5i 


5t 


5 


4* 


H 


4i 






6 


7 


6i 


64 


6 


5* 


H 


5 






7 


8 


7i 


7i 


6* 


6i 


6 


5i 






8 


9 


H 


8 


n 


71 


6i 


6i 


64 




9 


10 


9* 


Si 


H 


8 


71 


71 


7 


61 


10 


11 


1(H 


9i 


9i 


8i 


8i 


8 


74 


n 


11 


12 


14 


lOi 


10 


H 


9i 


81 


H 


H 


12 



No. XIV. 

Table of the Scantlings of Purlins, of Tellow Mr, of different Bearingsjrom 6 to 14ifeet; distances 

apart, Qfeet, 7 feet, 8 feet, and Qfeet, See Sect. VI. art. 199. 



Lengthof 


















Lengthof 


bearing 


6 feet 


apart 


7fteti 


apart 


8 feet 


apart. 


9 feet 1 


Apart 


bearing 


in feet. 


















in feet. 




Depth 


Breadth 


Depth 


Braadth 


Depth 


Breadth 


Depth 


Breadth 






in inches. 


in inches. 


ininehas. 


in inches. 


in inches. 


in inches. 


in inches. 


in inches. 




6 


6 


3* 


61 


81 


61 


4 


61 


41 


6 


7 


64 


4 


7 


41 


71 


44 


71 


41 


7 


8 


74 


41 


71 


41 


8 


44 


81 


5 


8 


9 


84 


5 


81 


51 


81 


54 


9 


61 


9 


10 


84 


61 


91 


61 


91 


64 


91 


61 


10 


11 


94 


51 


91 


61 


101 


6 


101 


61 


11 


12 


10 


6 


101 


61 


101 


64 


111 


61 


12 


13 


104 


61 


111 


6} 


111 


7 


12 


71 


13 


14 


114 


61 


111 


7 


121 


74 


12J 


71 


14 



Purlins may often be found apparentlj strong enough of less scantlings than these, but in such eases 
the common rafters will be found to be stronger than is necessary. But it is most economical to make the 
rafters no stronger than is necessary to carry the load between the purlinb, and the purlins sufficiently 
strong to carry the rafters. 
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No. XV. 



Table of the Scantli/ngB of Common Bqfiera^ for Boofe^for different Bearinyg,from 5 to 20 feet; dietance 

apart 12 inches. See Sect. IV. art. 191. 



Lengthof 


BMadth 


Bz«adih 


BrMdtb 


Breadth 


Breadth 


Breadth 


Breadth 


Breadth 


Breadth 


Lengthof 


bewtngf 
in fiet. 


If inches. 


Sinrhes. 


3^ inches. 


al inches. 


a| inches. 


S inches. 


Scinches. 


4inefaes. 


finches. 


beanng 
hi feet. 




Depth 


Depth 


Depth 


Depth 


Deptti 


Deptti 


Depth 


Depth 


Depth 


■| 




in inches. 


in inches. 


in inches. 


in inches. 


in indies. 


in inches. 


in inches. 


in indies. 


in indies. 




5 


8 


2* 


2i 














5 


6 


3i 


3i 


3i 


H 


8 










6 


7 


4* 


4 


8* 


31 


8* 










7 


8 


4i 


4* 


4* 


4* 


4i 


4, 


8i 






8 


9 


5i 


5* 


6 


4f 


4i 


4* 


^ 






9 


10 


6 


5i 


Si 


H 


5* 


5 


4| 


H 




10 


11 


6i 


6i 


6 


5i 


5* 


5* 


5* 


5 


^ 


11 


12 


7 


6i 


6i 


6i 


6i 


6 


6} 


H 


5i 


12 


18 


7* 


7i 


7- 


7 


6* 


6* 


6i 


5f 


61 


13 


14 


8- . 


8 


7* 


7i 


7* 


7 


6i 1 


6* 


6i 


14 


16 


8* 


8* 


8i 


8 


7i 


7* 


n 


6J 


6f 


15 


16 


9* 


Qi 


8* 


8i 


8i 


8 


7i 


7i 


7 


16 


17 


10 


H 


9* 


9 


8i 


8* 


8* 


8 


7* 


17 


18 


lOi 


10* . 


10 


9* 


9* 


9 


8i 


8* 


8 


18 


19 


11 


10| 


m 


10 


9i 


9+ 


9 


8J 


8i 


19 


20 


Hi 


Hi 


11 


10* 


lOi 


10 


9i 


9 


8i 


20 

1 



Hoofs that are covered with plain tiles, or stone slate, will require rafters one-third strongs than is 
necessary for blue slate. The table will answer for either, for it is calculated for blue slate ; and if to the 
breadth found at the head of a column, half of that breadth be added, it will give the breadth required for 
stone slate, or plain tiles. Thus, for a rafber of 7 feet bearing, 4 inches by 2 inches is sufficient for blue 
slate ; and therefore 4 inches by 3 inches is the scantling for stcHid slate, or plain tiles. 

Purlins also require the same addition to their breadths when the covering is of plain tiles, or stone 
'slates. 
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No. XVI. 



Table of Scantlings for Story JPo9U^ to carry two Stories, 



Height 
in feet. 


4f(Det^Murt 


5 feet apart 


6 feet apart. 


7 feet apart 


8 feet apart. 


Height 
infest 




width, thiekoeas. 


width, thicknees. 


width, thickness. 


width, thickness. 


width, thickness. 






inches. 


inches. 


inches. 


inches. 


inches. 




6 


7ix^ 


7} X 4i 


8} X 5 


8} X 5} 


9} X 5} 


6 


7 


7J 4t 


8} 6i 


9} 6} 


9i 6* 


9i 6} 


7 


8 


8} Si 


9i 5i 


9} 5} 


10 6 


10} ei 


8 


9 


»■ 5i 


9j. 5J 


10} 6} 


10} ai 


lOf 6} 


9 


10 


9t 6} 


lOy 6} 


10} «} 


Hi 6} 


11} 7 


10 


11 


10^ 6f 


10} 6i 


11} Qi 


11} 7 


12 7} 


11 


12 


10} ^ 


Hi 6} 


11} 7 


m 7i 


12} 7} 


12 


18 


11} 6} 


lU 7 


12} 7} 


12} 7} 


18} 8 


18 


14 


lU 7 


12 7i 


12} 7} 


18} 8 


13} 8} 


14 


16 


12 7} 


m n 


18} 8 


13} 8} 


14} 8} 


15 


16 


12} 7} 


12} 7} 


18} 8} 


14} 8i 


14} 8} 


16 



No. XVII. 



2hble of ScantUnys for Story Powts, to carry three Stories. 



Height 
in feet. 


4 feet apart 


5 feet apart 


6 feet apart 


7 feet apart 


8 feet apart. 


Hdght 
in feet. 




width, thickness. 


width, thickness. 

1 


width, thicknees. 


width, thickness. 


width, thickness. 






inches. 


incliM. 


inches. 


inches. 


inches. 


• 


8 


9} X 5} 


10 X 6 


lOf X 6} 


11} X 6} 


11} X 7 


8 


9 


10 6 


10} 6} 


lU 6} 


11} 7 


12 7} 


9 


10 


10} 6} 


11} 6} 


12 7 


12} 7} 


12} 7} 


10 


11 


11* 6} 


11} 7 


12} 7} 


12} 7} 


13} 8 


11 


12 


11} 7 


12} 7} 


18 7} 


13} 8 


14 8} 


12 


13 


12 7} 


12} 7} 


13} 8} 


14 8} 


14} 8} 


13 


14 


12} 7} 


18} 8 


14} 8} 


14} 8} 


16 9 


14 


15 


18} 8 


14} 8} 


14} 8} 


15 9 


15} 9} 


15 


16 


13} 8} 


14} 8} 


15 9 


15} 9} 


16} 9} 


16 



The stories supported are supposed to be oondtructed with brick, according to the regulations detailed 
in the Building Act. 
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TABLES or SCAKTLINGS. 



No. XVIII. 



Table of Scantlings far Story Posts, to carry fowr Stories. 



Height 
in feet. 


4 feet apart. 


5 feet apart. 


6 feet apart. 


7 feet apart. 


8 feet apart. 


Height 
in feet. 




width, thickness. 


width, thickness. 


width, thickness. 


width, thickness. 


width, thickness. 






inches. 


inches. 


inches. 


inches. 


inches. 




8 


iajx6j 


10| X 64 


114 X 6i 


12 X 7 


124 X 7i 


8 


9 


lOi 6i 


llf 7 


12 7x 


124 74 


12J 7} 


9 


10 


m 6} 


12 7J 


124 7* 


131 8 


13} 8} 


10 


11 


12 7} 


124 7i 


134 8 


14 8J 


14} 84 


11 


12 


124 74 


13i 8 


141 84 


144 8} 


144 8} 


12 


13 


13 7f 


14 8i 


144 8| 


15 9 


154 9} 


13 


14 


134 8i 


14i ^ 


15 9 


16 94 


16} 9} 


14 


15 


144 8f 


15 9 


16 94 


164 9| 


16} 10 


15 


16 


15 9 


154 94 


16i 9J 


16} 10 


174 104 


16 



No. XIX. 



Table of Scantlinys for Story Posts, to carry ^ve Stories. 



Height 
in feet. 


4 feet apart. 


5 feet apart. 


6 feet apart. 


7 feet apart. 


8 feet apart. 


Height 
in feet. 




width, thickness. 


width, thickness. 


width, tiiifiknees. 


width, thickness. 


width, thickness. 






inches. 


inches. 


inches. 


inches. 


inches. 




8 


Il;rx6} 


11} X 7 


12} X 7} 


12} X 7} 


13} X 8 


8 


9 


11} 7 


124 74 


12} 7} 


13} 8 


14} 84 


9 


10 


124 71 


13} 8 


13: 8:- 


14} 8} 


144 8} 


10 


11 


12} 7} 


13} 8} 


14 a 


15 9 


15} 9} 


11 


12 


13} 8} 


14} 8} 


144 8} 


16 94 


16} 9} 


12 


13 


14j 8^ 


15 9 


154 9} 


16^ 9} 


16} 10 


13 


14 


14^ 8} 


15i 9} 


16} 9} 


16} 10 


17} 104 


14 


15 


15 9 


16 94 


16} 10 


174 104 


17} 10} 


15 


16 


16 94 


16} 10 


174 104 


17} 10} 


18} 11 


16 



In these tables the stories supported are supposed to be constructed with brick, according to the regula- 
tions conttuned in the Act of Parliament called the Building Act. 
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No. XX. 

Table of the Properties of different Kinds of Timber. 



a 



p 



& 









Kind of wood, and state. 



Common oak {Quereus robwr) dry 

Biga oak, dry 

Dantzic oak, seasoned 

American oak 



Specific 
gravity. 



Beech (Fctgus syloaticd) dry , 

Alder (Betula ahms) dry 

Plane (JPlatanus oeeidentalis) dry ... 
Sycamore (Acer pseudo^latanus) dry 



Chesnut {Mx^us etutaned) dry 

Ditto, green 

Ash (iVtkcinus excelsior) dry , 

Elm ( ZThnus eampestris) dry 

Acacia {Bobinia pseudo-^ieacid) green 



•750 

•688 
■766 
•867 



•690 
•655 
•648 
■690 



Spanish mahogany, dry 

Honduras ditto, ory 

Walnut (Juglans regia) green . 

Teak {Tectona grandis) 

Poona, dry 

Turtosa or African Teak, dry .. 
Poplar (Fopulus dilatata) dry . . 
Ahele (Populus alba) dry 



•635 
•876 
•753 
•644 
•820 



Weight of the 

mf^uliis of 

elasticity in 

pounds per 

square inch. 



1,714,600 
1,610,496 
1,998,000 
1,958,700 



1,816,000 
1,086,760 
1,843,260 
1,036,000 



Cohesive 

force in 

pounds 

per square 

indi. 



11,880 
12,888 
12,780 
10,263 



Cedar of Libanus (Pinus eedrus) dry ... 

Biga fir {Pvnus sylvestris) dry 

Memel fir (ditto) dry 

Mar Forest fir (ditto) 

Planted Scotch fir (ditto) dry 

Christiana white deal (Pintts ahies) dry 
American white spruce (Pinus alba) dry 

Planted spruce (Pinus ahies) dry 

Weymouth pine (Pinus strobus) dry . . . 

Pitch pine 

Larch (Pi/Mis laria) dry 

Cowrie (Dummara australis) 



•853 
•560 
•920 
•744 
•613 
•964 
•374 
•611 



1,147,600 
924,670 
1,625,600 
1,343,000 
1,687,600 



•486 
•480 
•544 
684 
•460 
•612 
•466 
•666 
•460 
•660 
-643 
•679 



1,266,600 
1,593,000 

837,000 
2,167,074 
1,689,800 
1,728,000 

763,000 
1,134,000 



12,226 
9,640 

10,935 
9,630 



Compsratiye. 



StLfiness. 



100 

93 

117 

114 



SfgrngOi, 



10,666 
8,100 

14,130 
9,720 

11,227 



77 
63 
78 
69 



486,000 
1,687,600 
1,967,760 
846,066 
961,760 
1,804,000 
1,244,000 
1,393,976 
1,633,600 
1,252,200 
1,363,600 
1,982,400 



7,660 
11,476 

8,776 
12,916 
12,350 
17,200 

5,928 
10,260 



67 
64 
89 

78 
98 



100 

108 

107 

86 



108 
80 
92 
81 



7,420 

9,640 

9,640 

7,323 

7,110 

12,346 

10,296 

8,370 

11,835 

9,796 

12,240 

10,960 



73 
93 
49 

126 
99 

101 
44 
66 



89 
68 
119 
82 
95 



28 
98 

114 
49 
56 

104 
72 
81 
95 
73 
79 

116 



67 

96 

74 

109 

104 

144 

50 

86 



62 
80 
80 
61 
60 

104 
86 
70 
99 
82 

103 
92 



ResiU. 
enee. 



100 

126 

99 

64 



138 
101 
108 
111 



118 
85 

160 
86 
92 



61 
99 

111 
94 
82 

138 
67 

112 



106 
64 
66 
76 
66 

104 

102 
60 

103 
92 

184 
74 



In the last three columns of this table, oak is made the standard of comparison, 

Q Q 
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TABLE OF THE SFXGIFIC GBAYITISS OF WOODS. 



No. XXI. 



Table of the Specific Oravitif and Weight of a Cubic Foot of different Woods. 



Kind of wood, and state. 



Abele, dry ., 

Acacia Tfalse) green 

Dp., oiy.... 

Do., diy 

Do. (thiree-thomed) 

Aldet 

Do., dry 

Almond tanee 

Apple tree 

Apricot tree 

Arbor vitae (Chinese) 

Aflh (heart-wood) dry 

Do., dry 

Do., young wood, dry . . 

Do 

Do 

Do. (old tree) dry 

Do., dry 

Bqy tree 

Beech (meanly dry) 

Da 

Do 

Do 

Da, dry 

Birch, dry 

Box (Dutch) 

Do;,diy 

Da 

Da \^ 

(to... 

.. Da, dry 

Da, Tttrkey 

Brazil wood (red) 

Canary wood 

Cedar (Indian) 

Do. (Canadian) 

Do. (Viiginian red) dry... 

Do» (Palestine) 

Do. (American) 

Do» do. seasoned . 
Cedar of Liba&us 

Do. do. dry 

Cherry tree 

Do. do., diy 

"Chesnnt (sweet) green 

Do 



Specific 
£rai4ty. 


Weight of 
a cable foot 
in pounds. 


•611 T. 


32.00 


•820 E. 


6125 


•791 H. 


49-43 


•748 T. ! 


4676 


•676 H. 


4225 


•800 M. 


6000 


•555 E. 


34-68 


1102 H. 


68-87 


793 M. 


49-56 


•789 H. 


49-31 


•560 H, 


3500 


•845 P. 


5281 


•832 W. 


52-00 


•811 T. 


50-68 


•800 J. 


50.00 


•760 B. 


47-50 


•758 T. 


4706 


•690 £. 


43-12 


•822 M. 


5137 


•854 P. 


53-87 


•852 M. 


53-25 


•720 H. 


4500 


•696 3. 


43-50 


•690 E. 


4312 


•720 E. 


4500 


1-328 M. 


8300 


1030 J. 


64-37 


1-031 P. 


64-48 


1-024 B. 


64-00 


•960 B. 


60-00 


•950 W, 


59^37 


•949 fi. 


69-81 


1-031 M. ^ 


64-48 


•728 E. 


45-18 


1-315 M. 


82-18 


•768 C. 


47-06 


•660 T. 


40-62 


•596 M. 


37-26 


•560 M. 


85-00 


•468 C. 


28-31 


•608 H. 


37-68 


•486 T. 


80-87 


•741 H. 


46-31 


*672 T. 


42-00 


•876 E. 


54-68 


•685 H. 


42-81 



Kind of wood, and state. 



] 



Chesnut (sweet) dry .... 

Do., another specimen, dry 

Do. (horse) 

Do. do., dry 

Do. do., another spe- 
cimen, dry 

Cocoa wood 

Cork 

Cowrie 

Crab tree, meanly dry . . . 
Cypress 

Do. (Spanish) 

Deal, white. See fir. 

Do^ yellow. 8ee pine. 
Ebony (American) 

Do. (Indian) 

Do 

Elder tree 

Elm, green 

Do 

Do., seasoned 

Do 

Do. (common) dry ... 

Do., wych, young tree, 
green 

Do. do. dry 

Filbert tree 

Fir (Norway spruce) 

Do. (white Ammcan ) 
spruce) ) 

Da (silver) green 

Do,, dry 

Do. (Scotch.) 8ee pine. . 

Fustic 

Hazel 

Hickery 

Hornbeam 

Jasaiuine (Spanish) .... 

Juniper wood 

Laburnum 

Lance wood 

Do. do., dry 

Larch, green 

Do. (red wood) seasoned . 

Do., dry 

Do., diy 



} 



Specific 
gravity. 



•606 T. 
-535 T. 
•657 H. 
•596 T. 

-483 T. 

1040 M. 
•240 M. 
•679 
•765 P. 
-655 H. 
•644 M. 



1381 M. 
1.209 M. 
1.108 B. 

•695 M. 

-940 C. 

-693 S. 

-688 C. 

668 B. 

-544 E. 

-763 E. 

•684 T, 
-600 M. 
•512 T. 

•466 T. 

•531 Wi. 
•403 Wi. 

•817 B. 
606 M. 
•929 S. 
•760 H. 
•770 M. 
566 
•843 T. 
1.038 L. 
•948 B. 
-868 Wi 
•640 T. 
•612 Wi. 
•496 T. 



Weight of 
acoUcfoot 
in pounds. 



37-95 
33-45 
4106 
3728 

3018 

6600 
1500 
3620 
47^81 
40-98 
40-25 



8318 
7556 
69-25 
48-43 
58-75 
4441 
36-75 
3456 
8400 

47-68 

42-75 
37-50 
3200 

2906 

8820 
2522 

5106 
37-87 
5806 
4750 
4812 
3475 
5270 
64-87 
5898 
5368 
4000 
3831 
3100 
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Kind of wood, and state. 



{ 



Specific 
gravity. 



Larch (white wood) 

soned 

Lemon tree 

Letter wood 

Lignum vitse 

> 

Lime tree • 

Do 

Do 

XiOgwood 

Mahogany (Spanish) dry . . 

Do. dry 

Do. (Honduras) dry . 
Maple (Norway) 

Do. dry 

Do. (common) dry .... 

Medlar tree 

Mulberry tree (Spanish) . . 
Oak (live) half seasoned . . 

Do. (English) green .... 

Do. (French) green 

Do. (Irish hog) 

Do. (evergreen) 

Do. (AdrJatic) 

Do. (black hog) dry .... 

Do. (white American) V 
half seasoned j 

Do. {Quercu9 $ewiU^ ) 

flora) dry ) 

Do. (American) white , . 
Do. (Provence) seasoned 
Do. (Qw^ott# rohur) dry 
Do. (English) seasoned. . 
Do. (Dantzic) seasoned. . 
Do. (American) red 

Do. (Eiga) dry 

Do. (Enghsh) from an 
old tree, di^" 

Olive tree 

Orange tree 

Pear tree, dry 

Do 

Pine (American pitch) dry 
Do. (ditto) seasoned .... 
Do. (pinaster) green. . . . 



. . » . ' 



} 



•364 T. 

•703 
1-286 C. 
1-333 M, 
1-327 P. 

•604i M. 

•564 H. 

•480 T. 

•913 P. 

•852 T. 

•816 W. 

•660 T. 

•795 L. 

•755 P. 

•624 T- 

•944 M. 

•897 M. 
1216 Ch. 
1113 C. 
1-063 Bu. 
1-046 C. 

-594 BL 

-993 B. 

•965 B. 

•908 Ch. 

•879 T. 

•840 K. 
•828 D. 
•807 T. 
. . ^777 C. 
•755 T. 
•752 L. 
•688 T. 

•625 T. 



Weieht of 
acancfbot 
in pounds. 



22-75 

43-93 
80-37 
83.31 
82-93 
3775 
35-25 

saoo 

5706 
53-30 
51-00 
35'00 
49-68 
4718 
32-76 
59-00 
5606 
76-03 
69-56 
66-43 
65-87 
62-25 
62-06 
60-81 

6676 

54-97 

52-60 
51-75 
50^47 
48.56 

47-24 
4700 
43-00 

39-06 



Kind of woody and state. 



927 M. 


57-93 


705 M. 


44-06 


708 T. 


44-26 


646 B. 


40-37 


•936 T. 


58-5 


741 C. 


46-31 


887 WL 


5236 



Pine (Scotch) gpreen ...... 

Do. (Mar Forest) 

Do. fplanted Scotch) dry 
Do. ^Scotch) dry 

Do. (Memel) dry j . 

Do, (Riga) dry . . I ^^ 

Do. (Weymouth) diy . . 

Do. (American) dry 

Plane (occidental) diy 

Do. (oriental) 

Plane tree (common). See 

sycamore. 
Plum tree 

Do 

Poena (seasoned) 

Poplar (Spanish, white) . . 

Do. (black) dry 

Do. (Lombardy) dry. . . . 

Quince tree 

Sassafrass 

Satin wood 

Saul (Bengal) seasoned 

Service tree 

Siasoo (Bengal) seaaoned • . 
Stinkwood (seasoned) .... 
Sycamore 

Do., dry 

Teak, dry 

Do 

Do., seasoned 

Tulip tree 

Vine 

Walnut tree, green 

Do, (Amerioan) . • 

Do, (French) .... 

Do. dry 

Willow, greea 

Tk J C from 

JLlo. dry 



Specific 
gravity. 



Yellow wood, seasoned 
Yew (Spanish) . . . 

Do. (Dutch) . . 

Do 



(to.. 



•816 Wi. 
•696 B. 
•529 T. 
•429 Wi. 
•553 
'544 T. 
•480 
•468 T. 
•460 T. 
•368 T. 
-648 E. 
•688 H. 



-785 M. 
•663 P. 
-635 C. 
•629 M. 
•421 T. 
•374 E. 
•705 M. 
•482 P. 
•952 R. 
•994 L. 
•742 H. 
-889 L. . 
•681 C. 
•645 H, 
•690 E. 
•832 Ch. 
-745 B. 
'657 C. 
•477 H. 
1-237 M. 
-920 E. 
•785 H. 
•671 M. 
•616 T. 
'619 E. 
•568 
•404 T. 
•657 0. 
•807 M. 
•788 M. 
•788 H. 



Weight of 
a cubic foot 
in pounds. 



51^08 
43-50 
33-06 
26-81 
34-56 
3400 
8000 
2912 
28-75 
2300 
40^50 
33.62 



4906 
41'48 
89-95 
33-06 
26-81 
2487 
4400 

3012 

59-50 

6212 

4687 

5562 

42-66 

4^31 

3687 

62-00 

46-56 

4106 

2981 

77-81 

6750 

45-93 

4193 

38-50 

88-68 

85-50 

25 25 

41*06 

6043 

49-25 

48-62 



The letters following the specific gravities refer to the authorities — ^B. Bariow j Bu. Buffon ; C. Couch ; 
Ch. from Chapman on Preservation of Timher ; E. Ehhels ; H. from Eondeletfs tahle ; J. Jurin ; L. Layman ; 
M. Muschenhroek ; P. Philosophical Transactions, vol. i, Lowthorp's Abridgment ; R. Balph Tredgold, who 
collected this and the following tahle ; S. Sooreshy ; T. the author's own ezperimeuts ; W. Watson (Bishop) ; 
and Wi. Wiebelring. 

Q Q 2 
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TABLE OF THE SFECIFIO OBAYmES OP SUBSTANCES. 



No. XXII. 

Table of the Specific Qraoity and Weight of a Ovhic Foot of various Substances. 



Name of the aubstance. 



Air (atmospheric) 

Alalmster. See gypgum. 

Basalt [^ 

Do. (Fairhead) 

Do. (Derbyshure) 

Do. (GKant's Causeway) 

Do. do. 

Do. (Rowley rag) 

Bees' wax (yellow) 

Bismuth (cast) 

Bitumen, of Judea 

Brass (wire drawn) 

Do. (plate) 

Do. (cast) 

Brick (common) . • ] x^ 

Do. (red) 

Do. (pale red) 

Do 

Do. (common London 
stock). 

Do. paving (English 
clinker) 

Do. (Dutch clinker) .... 

Do. (Welsh fire) 

Brickwork, about 

Cement (Eoman)and sand \ 

in equal parts ) 

Do., alone (cast) 

Chalk JJ^"^ 

Do. (Cambridge Clunch) 

Do. (Dorking) 

Charcoal from birch 

Do. from fir 

Do. from oak 

Do. from pine 

Clay (potter's) ... . 1^°°' 

Do. (common) 

Do., with gravel 

Do., slate. See slate. 

Coke 

Coal (Kilkenny) 

. Do., (Glasgow splint) . . 



Spedfic 
gravity. 



•0012 

300 
2-478 
2-95 K. 
2-921 W. 
2-90 K. 
2-864 Br. 
2-478 K. 

•965 
9-822 
1104 
8^544 
8-441 W. 
8-100 P. 
1-657 
2000 
2168 Be. 
2-085 Ee. 
1857 Be. 

1-841 T. 

1-663 R. 

1-482 R. 
2-408 T. 

1-817 T. 

1600 R. 
2315 
2-657 Th. 
2-667 W. 
1169 R. 

•542 K. 

-441 E. 

•332 K. 

•280 K. 
1-800 
2-085 K. 
1-919 Be. 
2-560 

•744 K. 
1-526 K. 
1290 Th. 



Weight of 

a cubic foot 

in pounds. 



•075 

187-50 
154-87 
184-37 
182-56 
181-25 
17900 
154*87 

60-31 
613-87 

69-00 
534-00 
527-56 
506-25 

97-31 
125-00 
135-50 
13031 
11606 

11506 

103-31 

92-62 

150-60 

9500 

113-56 

100-00 

144-68 

16606 

166-06 

116-81 

33-87 

27-56 

20-75 

17-50 

112-50 

130-31 

119-93 

160-00 

46-50 
95-37 
80-62 



Name of the subttance. 



Flint 



Coal (Cannel) . 

Do. (Newcastle caking). . 
Copper (British sheet) .... 

Do. (British cast) .... 

Earth (common) • • ] x^ 

Do. (loamy or strong) . . 

Do. (rammed) 

Do. (loose or sandy) 

Firestone 

("from 

(to .. 

Do. (black Cambridge) .... 
Freestone. See stone. . 

Grlass, white flint 

Do., plate 

Do., crown 

Gold, pure cast 

Do., standard 

("from 

(to.. 

(Guernsey) 

(Aberdeen gray) . . 

(Comish) 

(ditto) 

(Aberdeen red) . . 
(Cornish) 



Ghranite 



Iron (bar) 



Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Gravel 
Gunpowder (soUd) 

Do. (shaken) 

Gypsum (plaster stone) . . 

Cfrom 
(^to . .. 

Do., hammered 

Do., not hammered 

^o.(.e»^) [^1" 

Do. (horizontal ditto) .... 

Do. (vertical castings) 

Ivory 

Lead (milled) 

Do. (cast) 

Do., black. See Plumbago. 

Lime, quick 

Limestone. See stone and 
marble. 



Specific 
gnvitj. 



1-272 Th. 
1-269 Th. 
8-786 Ha. 
8-607 Ha. 
1-520 
1-984 
2-016 
1-584 Pa. 
1620 
1-800 
2-680 
2-630 Th. 
2-592 W. 

3-000 

2-760 

2-520 
19-361 Br. 
17-724 Th. 

2-999 

2-538 K. 

2-999 W. 

2.664 B. 

2-662 Be. 

2 653 R. 

2-643 B. 

2-624 T. 

1749 P. 

1-745 
•922 

2286 W. 

7-600 

7-800 K. 

7-763 M. 

7-600 M. 

7-600 

7-200 Th. 

7113 Re. 

7074 Re. 

1-826 P. 

11-407 Th. 

11-352 Br. 

*843Be. 



Wdglitof 
acnbiefoot 
inpoondt. 

79-60 

79-31 

54906 

637-93 

9600 

124-00 

12600 

9900 

9500 

112-50 

161-25 

164-37 

162-00 

187-50 
172-60 
167-60 
1210-06 
1107-75 
187-47 
158-62 
187-47 
1665 
166-37 
165-81 
165-18 
164-00 
109-32 
10906 
5762 
142-87 
47600 
487-60 
485-18 
47500 
47600 
46OO0 
444-56 
44212 
11412 
712-93 
709-50 

62-68 
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Name of the substance. 



Loam. See earth. 

MarUe [Jj"^ 

Do.y Parian white 

Do., reined white 

Do.) Carrara white .... 

Do. do. blue 

Do., Italian black 

Do., Derbyshire entro-*) 

chal j 

Do., Saxon gray 

Do., Brabant black .... 
Do., Derbyshire black . . 

Do., Namnr black 

Do., Sienna yellow 

Do., Pallion brown *) 

figured ) 

^^ {to." 

Mercury (fluid) 

Mortar 

Do., of river sand three '^ 
parts, of lime in paste > 

two parts ) 

Do. do. do., well beat ) 

together 3 

Do., of pit sand three ^ 
parts, of lime in paste > 

two parts ) 

Do. do. do., well beat ) 

together ) 

Do., of pounded tile, S 

three parts, of quick- > 

lime two parts . . . . } 

Do., do. do., well beat ) 

together j 

Do., common, of chalk ) 

lime, and sand, dry. . 3 

Do., the lining of an^ 

antique reservoir near > 

Borne ) 

Do., from the interior | 

of an old wall, Borne ) 

Do., lime, sand, and^ 

hair, used for plaster- > 

.ii»g.diy 3 

Oolite. See stone, roe. 

Feat, hard 

Pebble (English) 

Pewter 

Pitch 

Plaster (cast) 



Spedftc 
gravity. 



2-840 
2-580 
2-837 K. 
2-726 Be. 
2-717 K. 
2-718 K. 
2-712 K. 

2-709 B. 

2-700 K. 
2-697 Be. 
2-690 W. 
2-682 B. 
2-677 K. 

2-586 B. 

1-600 
2-870 Th. 
13-668 Br. 
1-716 Be. 

1-615 Bo. 



1 549 Bo. 
1-414 Bo. 
1*384 B. 



1-329 
2-609 
7-248 
1150 P. 
1-286 Be. 



Wfliglitaf 
aeaUcfoot 
in pounds. 



177-60 
161-26 
177-81 
170-37 
169-81 
169-56 
169-50 

169-31 

168-75 
168-56 
168-12 
167-62 
167-31 

161-62 

10000 
179-37 
848-00 
107-18 

100-93 



1-893 Bo. 


118-31 


1-588 Bo. 


99-26 


1-903 Bo. 


118-98 


1-457 Bo. 


9106 


1-663 Bo. 


103-93 


1-550 B. 


96-87 



I 



96-81 
88-37 
86-60 



8306 

16306 

45300 

71-87 

80-37 



Name of the sabstance. 



Potstone 



I 



Platina, pure 

Plumbago, or black lead . . 

Porphyry (green) 

Do. (red) 

Cfrom 
(to.. 

Puzzohma (^" 

Quartz (ciystallized) 

Boe-stone. See stone. 
Boad-grit. See sand. 

Sand (pure quartz) 

Do., river 

Do., Biver Thames (best) 
Do., pit (clean but coarse) 
Do., pit (fine-grained 7 

and clean) ) 

Do., scraped from Lon- 1 
don roads (road-grit) ) 
Do.,pit (very fine-grained) 
Do., Biver Thames (in* 

ferior) 

Sandstone. See stone. 
Serpentine, Anglesey green 

Do., blackish green 

Do., dark reddish brown 

Silver, pure cast 

Do., standard 

Slate, Welsh 

Do., Anglesey 

Do., Westmoreland,pale ) 

blue ) 

Do., do., dark blue 

Do., do., pale greenish ^ 

blue ) 

Do., do., blackish blue, | 
used for floors . . . . ) 

Do., Welsh rag 

Do., Westmoreland, fine ) 

grained pale blue . . j 

Do., Cornwall, greyish ^ 

blue 5 

Stone, Bath (roe-stone). . . . 

Do., do 

Do., Blue-lia^ (limestone) 
Stone, Bromley-fall, (sand- 
stone) 

Do., do 

Do., Bristol stone .... 
Do., Burford (dry piece) 
Do., Caen (calcareous 
sandstone) 



Specific 
gravity. 



] 



] 



21-581 Th. 
2-267 
2-875 
2-793 
8-000 
2-768 K. 
2-570 
2-860 K. 
2-655 



2-750 
1-886 Be. 
1-688 T. 
1-610 T. 

1-523 T. 

1-494 T. 
1-480 T. 
1-454 T. 

2-683 B. 

2:574 K. 

2-561 K. 

10-474 Br. 

10-312 Th. 

2-888 K. 

2-876 K. 

2 791 W. 
2-781 W. 
2-768 W. 

2-758 W. 
2-752 K. 
2-732 W. 

2-512 K. 

2-494 K. 
1-975 B. 
2 467 B. 

2-506 Be. 

2-261 B. 
2-510 
2-049 P. 

2108 B. 



a cubic foot 
in pounds. 



1345-68 
141-68 
179-68 
174-56 
187-50 
173-00 
160-62 
178-12 
166-93 



171-87 
117-87 
102-37 
100-62 

9518 

93-37 
92-50 
90-87 

167-68 
160-87 
160-06 
654-62 
644-50 
180-50 
17975 

174-43 
173-81 
173-00 

172-37 
17200 
170-76 

157-00 

155-87 
123-43 
154-18 

156-62 

141-31 
156-87 
12806 

131-75 
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Name of the subetanoe. 



Stone, Clitheroe limestone. 
Do.,Collalo,white(8and- 

stone) 

Do. do 

Do., Oaigleith, sand8tone| 2*452 Ee. 
Do., do 



} 



Specific 
gravity. 



2-686 W. 
2-423 Ee. 
2040 E. 



} 



Do., Derbyshire ^red ") 
fHable sandstone) . . ) 

Do., Dundee 

Do., do 

Do. (grindstone) . . . 

Do., Hedding-stone, lax 
kmd 

Do., Hilton (sandstone). . 

Do., Kentish rag 

Do., Ketton (roe stone) 

Do., do 

Do., Kincardine (sand- 
stone) 

Do., Limerick (black ") 
compact limestone) ) 
Do.jPennarth (limestone) 
Do., Portland (roe-stone) 
Do., Portland (roe-stone) 

Do. do. do 

Do., pumice 

Do., Purbeck 






Weiffht of 

a cutuc foot 

in pounds. 



2-360 E. 

2-346 Ee. 

2-530 Ee. 
2-517 T. 
2-148 

2-029 P. 

2177 E. 
2-676 E. 
2-494 K. 
2-058 E. 

2-448 T. 

2-598 Ee. 

2-653 W. 
2-461 W. 
2-423 Ee. 
2113 E. 
-629 E. 
2-680 W. 



167-87 

151-43 

127-60 
153-25 
147-50 

146-62 

15812 
167-31 
133-93 

126-81 

136-06 
16718 
155-87 
128-62 

153-00 

162-37 

165-81 
153-81 
151-43 
13206 
39-81 
167-50 



Name of the substanc^. 



Specific 
gravity. 



Wd^tof 
acabicfiDGt 
in pounds. 






Stone, Purbeck 

Do.,EoachAbbey(mag- ) 
nesian limestone) .. . j 

Do., (Tottenhoe calca- ) 
reous sandstone) . . ) 

Do., Woodstock flagstone 

Do., Yorkshire paving . . 

Do. do. do 

Stonework, mean weight*^ 

according to Belidor, > 

about • . . .. ) 

Shingle • • - 

^ {^. 

Syenite (Mount Sorrel). . .. 
Tile (common plain) 

Do 

Tin, hammered 

Do., pure cast 

Toadstone (Derbyshire) . . 

Tufa (Eoman) ». . -. . 

Water, sea 

Do., rain 

Whinstone (Scotch) 

Wood ashes 

Wood petrified 

Zinc 



2*599 Ee. 
1-893 E. 

1-800 T. 

2-614 K. 
2-507 Ee. 
2-366 E. 









1-424 Pa. 
7-780 
7-840 Th. 
2-621 
1-858 E. 
1-815 Be. 
7-299 Br. 
7-291 Br. 
2-921 W. 
1-217 Eo. 
1-027 Th. 
1000 
2-760 W. 
•933 P. 
2-341 P. 
7028 W. 



162-48 
118-81 

112-50 

163-87 
156-68 
147-25 

10700 

89-00 

486-25 

490-00 

168'81 

116-15 

113-43 

456.18 

455-68 

182-56 

76-06 

64-18 

62-50 

172-50 

5832 

146-31 

439-25 



Part of the letters of reference are explained in a note to the preceding table. The rest are as follow : 
Be. Belidor ; Br. Brisson ; Ha. Hatchet ; K. from Kirwan's Mineralogy ; Ee. Eennie, Philosophical Maga> 
sine, vol. liii. ; Eo. Eondelet ; Th. from Dr. Thomson's System of Ghemistry, 6th edition ; and Pa. 

Pasley, Course of Military Instruction. 



In bodies of a porous nature, the specific gravity, as given by the greater port of tlie tables the author consulted is much above the 
real weight of a g^en bulk of the material, as compared with water. The canse of this diiferenoe is the absorption which takes piaoe 
when the body to be tried is immersed in water. Let A be the weight of a body in air, W its weight in vrater, athe weight ofwater 

A A 

St absorbs, and S the specific gravity ; then ~^= S. When the absorption ic nothingf or a c= : then -^-^ = S, which 



is the same as the common rale* 
By Uie equation 



A + a-W 



A—W 



- = S, the specific gmvities in the table marked R and T have been determined. Bat tins method 
A + a— W 
does not apply to sand and other loose materials ; therefore, to find the specific gravity of sand, a vessel which when filled oontsined 

a known weight of water, was filled with the sand to be tried, and weighed. The vessel used contained 1300 grains of water; 

therefore, as 1300 : weight of the sand : : 1 : specific gravity of the sand. 

By the method of mixing equal volumes of water and sand, a solid specimen of quartz would be of the same specific gravity sf 
its sand would be ; but it is well known that a stone crushed into sand occupies more space than the solid stone did ; and tfaerefoi* 
Che method is erroneous. 

The specific weight of a cohesive earth, such as day or loam, is best got by cutting a cubical piece, and careftilly meaaariag sad 
weighing it. This method is given by Kirwan in his Essay on the Analysis of Soils, and is accurate enough for business. 
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APPENDIX. 



Having, in the preceding treatise, art. 161 et seq,, investigated the several cir- 
cumstances on which the stability, security, and durability of roofs depend, we 
have only, in this place, to give a brief description of the peculiarities relating to 
each of the roofs exhibited in the following twenty-seven Plates. 

There is no part of the art of building which gives greater scope for the exer- 
cise of genius than that of the construction of a roof which shall be entirely 
appropriate to its specific object, in the situation and under the circumstances in 
which it is placed, whether it be for ornament, strength, or stability. 

It is but a very few years since wood was the only material employed in the 
construction of a roof. Afterwards many of the principal parts were executed in 
cast-iron. Subsequently those parts acting as ties were made of malleable iron ; 
and at present many roofs over manufactories, railway stations, &c., exhibit com- 
binations of these materials well deserving the study of the young artist, and of 
which several examples will be found referred to in the following description of the 
Plates. 



BESCBLPTIOK 07 THE PLATES. 



Plates XXIII. and XXIV. Of these the former represents the centre part of 
the roof over the principal room at the Pantheon Bazaar^ Oxford-street, which is 
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cylindrical, and is supported by nine semicircular ribs* Each rib is in three 
thicknesses ; the middle thickness is of teak, the side thicknesses or flitches are of 
fir ; the pieces of timber forming these thicknesses are scribed on the underside 
to the curve of the roof (and ceiling), but the top edge is left straight ; therefore 
at their abutting ends they are considerably broader than at their middle. Each 
abutment of every piece throughout every rib has a shoe of cast-iron interposed. 
Iron bolts connect the three thicknesses together at each end, with a washer con- 
necting each pair of bolts as explained on the section. 

The ribs rest alternately on the pillars (hereafter described), and on the centre 
of the longitudinal plate extending the whole length of the roof. (See Plate XXIV.) 
In the former case the ribs are framed into strong upright pieces, which become 
the king-post of a semi-truss. These semi-trusses, besides carrying the timber of 
the roof and ceiling over the galleries, are calculated to receive the lateral thrust 
of the semi-circular roof ; a large cast-iron shoe, laid upon a stone template, 
receives the end of the tie-beam of these semi-trusses next the outer wall ; the 
object of this shoe being to prevent the possible decay of this end of the beam 
from affecting the stability of the roof. 

There is also a cast-iron shoe receiving the other end of this beam, which is 
formed with sockets and flanges so as to receive and connect together the king-post 
and tie beam of the above-named semi-truss, and the longitudinal plate alluded to 
abovcj and the head of the great iron upright or pillar. The chief use of this iron 
shoe is to prevent the lateral compression of the timbers, and to prevent the 
natural shrinkage of the horizontal plate from letting down the roof. 

The intermediate ribs (those which do not rest on the iron pillars) rest on 
another iron shoe, which is fitted on to the head of an upright piece Hhsi rests on 
the centre of the longitudinal plate ; but the bearing is thrown on to the iron 
pillars by stout braces framed into the said upright piece and longitudinal 
plate. 

It will thus be seen that throughout the skeleton of this roof there is no case 
of any important timber resting with its end upon the aide of any other piece, but 
that they all bear with an end-grain abutment, so that the cracks and fBolures 
arising from the necessary shrinkage, as well as from the lateral compression of the 
timbers, are avoided. This was a precaution rendered necessary by the very large 
scantlings of the timbers, and by the discharge of the whole weight of roof and 
ceiling being thrown on so few points of support. The circular part of the roof is 
covered with copper laid on diagonal boarding, which is supported on rafters 
notched on to the great ribs, and running longitudinally. The roofs over the 
sides or galleries are slated, with a flat plaster ceiling : the ceiling of the circular 
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part is deeply panelled, the main ribs forming the core for the cradling. The 
enrichments are of papier-mach6, a material that was well adapted for the large 
architectural ornaments, firom its lightness, and from the safety with which it 
could be screwed up to the timbers. 

The longitudinal plate above alluded to consists of two pieces of fir, each 12 X 6, 
bolted together : the bearings between the iron pillars are reduced by braces (not 
shewn on the plate), which discharge the bearing on to the iron pillar, and at the 
same time receive the wood cradling for the imitations of stone spandrils. Each 
end of this plate is let into the wall, and is received by a corbel of teak wood, on 
to which it is bolted and coaked down. 

Plate XXV. shews the truss of the roof over the Great Hall of the Juvenile 
Prison at Farkhurst, in the Isle of Wight. The area roofed over is 100 feet by 40 
feet ; it has neither inside supports, nor lateral buttress, nor abutment of any 
kind. This truss is peculiar for its economy of materials, and for the avoidance of 
all unnecessary side-grain abutment of the timbers, a frequent source of failure in 
roofs executed in wood. 

Plates XXVI. and XXVII, shew a newly constructed roof over the New 
Saloon at the Academy of the Eine Arts at Florence. Two very flat queen-post 
trusses bear nearly the whole weight of the roof, covered ceiling, and sky-light. 

There is nothing very remarkable in their construction, further than as suc- 
cessful examples of modem carpentry in Italy. In England, however, at the 
present day, a good builder would prefer the use of iron girders in such a case.* 

Plates XXVIII. and XXIX. shew the trusses of a roof over the Duke of 
Modena's Cavallarizzia, or Biding House attached to his Palace at Modena. The 
area roofed over is about 180 feet by 50 feet. 

There is in this truss little regard paid to economy of materials ; and the prin- 
ciple on which it is constructed must be considered defective, being without either 
tie-beam or collar, to prevent the spreading of the rafters. The object, however, 
that was aimed at is gained — ^viz. the ceiling is carried up into the roof. No signs 
are perceptible of fedlure having occurred ; although the six oak braces have much 



* It would certaiiily hare the advantage of substitutiDg manual for mental labour; that Ib, other people's 
work for his own. — ^Edit. 1853. • 

bb2 
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the appearance of being subsequent additions. The cutting the prindpal rafter in 
two, for the sake of introducing the head of the queen-post, is peculiar ; but must 
be considered as a fault, on account of the mischief that would result firom the 
unavoidable shrinkage of so large a timber as the queen-post* Oreat pains seem 
to have been bestowed, in this roof, on the framing of the several timbers into each 
other. The truncated truss {Plate XXIX,) it is probable would scarcely have 
held together but for the iron tie that is introduced. 

Plate XXX. shews the truss of a new roof at Modena, over a Kiding House for 
the public service, about to be built (in 1826) at the expense of the Duke, under 
the superintendence of Signer Soli. This is framed on a sounder and safer prin- 
ciple than the former, and with a somewhat less superfluity of timber. 

Plate XXXI. shews a section of the roof over the Exchange at Grenoa. It is a 
very remarkable piece of carpentry for the multiplicity of iron ties with which the 
whole is held together. The chief object of all these elaborate expedients for 
keeping the work together appears to have been the omission of the tie-beam; an 
object so often sought at the expense of all constructive propriety and simplicity. 
This Hall is about 96 feet by 66 feet. 

Plate XXXII. shews detached parts of the roof of the new Theatre of Ancona, 
the Palazzo Vecchio, and of the Cathedral of Florence. 

The iron rod and strap at the ends of the tie-beam of trusses, to roof over the 
new Theatre at Ancona, were noted down for their novelty and peculiarity ; but 
the utility of the arrangement is not apparent. 

The drawing of part of the roof over the Hall of the Palazzo Vecchio at Flo- 
rence, shews a satisfactory repair done a few years prior to 1826, under the super- 
intendence of Signer Fantasticci, the Grand Duke*s architect. The repair was 
rendered necessary by the decay of the ends of the timbers which, from neglect of 
the gutters, had been long exposed to wet. Two stone corbels were inserted into 
the wall beneath the truss, a strong oak template was laid on these, and the sound 
part of the foot of the tie beam brought to its proper firm bearing on this template 
by means of large wedges. 

The sketch of the scarf in the great wooden tie worked into the dome of the 
Cathedral at Florence,, is a singular specimen of old carpentry, very simple and 
strong. The sketch is necessarily imperfect, as the only part of this tie which is 
visible is at the windows, and there it is for the most part cased with metal, in 
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order to protect it from the wet that might drive in. It is therefore only to he 
presumed that imdemeath, the arrangement is similar to what can be seen at 
the top. 

Plate XXXIII. This roof is supposed to be the work of Vasari : the trusses 
are in pairs about 12 inches apart ; one of them appropriated to the support of the 
roof, and the other to that of the ceiling, which is of prodigious weight. The 
timbers of this roof are larger, and their direct strength more depended on, than a 
modern builder would deem advisable. The arrangement of them, however, is 
simple, and unobjectionable in principle. The scarf may be regarded as one of 
remarkable strength. 

Plates XXXIV. and XXXV. shew the details of the roof of the HaU of Christ's 
Hospital. The principals (A. Plate XXXV.) in this construction are trusses in the 
ordinary way, with queen-posts ; which are here, however, of iron. An additional 
support at the bearing of the tie-beams is also obtained by means of the iron stan- 
dards and shoes. The timber being thus protected from the damp arising from the 
stone aud brick- work which come in contact with them, must contribute greatly to 
the durability of the structure. 

These iron standards are concealed by the ornamental spandril brackets in the 
HaU. The distance between these principals being seventeen feet. Trusses B, C, 
and D, are thrown across in five places, to carry the rafters which run longitudi- 
nally ; there being no purlins necessary, as is usual ip this mode of construction. 

The central truss D is delineated in the second fig. Plate XXXV., with the 
dimensions of the several parts ; and the trusses C and D are shewn in Plate 
XXXIV., as also the main rafters and fiUing-in beams between the trusses B, C, D, 
to carry the ceiling joists. 

Means are provided, as shewn in the drawing, at every point of screwing up the 
several trusses, whereby to preserve their proper degree of stiffiiess. 

As the rafters run longitudinally, and the boarding transversely, no opposition 
is presented in the fall of the water from the roof by the starting of the joints of 
the boarding.* 

Great attention has been paid to the scantling of the different timbers ; the 



* This mode is infinitelj preferable to that common in metal-coyered roofs, viz. sloping subordinate 
;ers and longitudmal boarding. — Edit. 1853. 
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roof is covered with lead, and stands remarkably well. Its length is 187 feet, and 
span 51 feet. It is constructed of Baltic timber. 

Plates XXXVI. XXXVII. XXXVIII. shew the detaUs of the roof over the 
Church of St. Dunstan in the West, London. The plan of the building is octan- 
gular, and the span 56 feet 6 inches. 

Plate XXXVI. exhibits a longitudinal section of the church. 

Plate XXXVII. shews, first, a plan of one of the cast-iron ribs on an enlarged 
scale ; secondly, an elevation of two of the ribs in their position ; and, thirdly, a 
plan of the buflding. The roof is formed by eight of these open cast-iron ribs, 
springing from the eight angles of the building. These ribs are united by a ring 
in the centre, to which they are firmly bolted, so as in effect to form one tie, and 
avoid much (if any) lateral pressure. 

In the wall, at the springing of these ribs, and at the top, are laid tiers of strong 
chain bond to tie the work together. There are also oak struts in the ring to 
prevent the thrust of the ribs upon it, and the wood purlin is trussed to the depth of 
the iron rib. It will be seen that the ribs are inserted into the wall in a wide 
spreading base, so that the weight of the superstructure and the buttress afford 
considerable resistance to any pressure that may arise. (See an enlarged view, 
Plate XXXVIII.) This principle of roof is novel ; it is also simple and durable, 
and its success in this instance shews it to be safe and practicable. This roof has 
supported a considerable weight, in addition to the heavy brass chandelier which 
hangs from its centre. 

Plate XXXIX. shews three trusses. No. 1. Executed over the Thames Plate 
Glass Works, to carry a pair of transverse principals of a roof of 25 feet span, and 
also the gutter plate of a roof of 36 feet span ; the principals of which run parallel 

with it. 

No. 2. shews a truss executed to carry the principals of a roof of 43 feet span 
at the Theatre, Oxford Street, the situation of the principals being immediately 
over the queen post. 

The feet of the rafters of this roof, and also of the lean-to, are pitched on a 
gutter-plate running parallel with the truss, and from the under tie a floor is 
framed or suspended by stirrup straps. 
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BeamMngty No. 1. 

Lengih of bearing 86 feet. 

Tie-beam 14 x 7 inches. 

Qaeen-posts 9x7 

Principal truss at foot . . 11 X 6 

Ditto at top 8x6 

Collars 9x6 

Braces 4^x6 



SeantUttfft, No, 2. 

Length of bearing .•'. 35 feet. 

Tie-beam 14 x 7 inches. 

Queen posts 9x7 

Principal truss at foot. ... 11 X 7 

Ditto at top 8x7 

Braces 6x7 



No. 3. shews a truss executed to carry a party wall, in which there was an entire 
stack of chimneys, for the purpose of enlarging a dining room at a house in 
Berkley Square. 



Timber ScantUngt. 

Length of bearing 50 feet. 

Tie-beam. 18 x 12 inches. 

Queen-posts 12 X 12 

Braces 12 X 4 



Iron Work. 



ft. 



2 



Width onPlan 1 

Sectional depth 3 

Thickness of casting 4 

Ditto ditto flanges 4 

Wrought-iron stirrups 6^x1^ 

At the larger end 5^ X 2|- 



In casting, the flanges of the girder were widened on the plan, to support the 
chimney breasts. 

FUxte XL. is a representation of the roof of iron and timber at the Trent Water 
Works, Nottingham, erected over the boiler-house of that establishment ; its span 
is 27 feet. It is simple and easy to transport, being composed of only three pieces 
of cast iron in each prindpal ; namely, two frames for the haunches, and a straining 
piece between them, connected by a hinge-like joint, with bolt and cotter at each 
end, the whole being secured by a tie beam of wrought iron ; it is readily fixed, 
and it is for such a purpose a cheap roof. The heat from the three boilers which 
it covers, belonging to the steam engine, and which raises the principal part of the 
water consumed by the inhabitants of Nottingham, would hare caused a roof 
framed of timber to warp and crack considers^ly, which rendered it therefore 
expedient to have recourse to the iron framing here described. 

The principal frames are connected by side-trees or purlins of cast-iron, serving 
also to carry the rafters of timber. The rafters are spiked to the wall-plate and 
ridge-deal in the usual manner, and the feet of the principals are also fastened to 
the wall-plate by screw-bolts. 



Floite XLI. This roof over the Model room at the Sutterley Iron Works, 
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covers the chamber where the workmen are employed in making the wooden 
models for the steam-engines and heavy machinery manufactured at that establish- 
ment. About 18,000 tons of iron are annually produced from ore raised in the 
neighbourhood, and the principal part of it is cast into some useful form for 
engineering purposes, as bridges, columns, materials for gas works, water works, 
steam engines, and the like. A large number of model-makers are therefore 
employed. The chamber beneath the roof is 34 feet in width, and one hundred 
and thirty feet in length. The roof consists of cast-iron principals and side trees. 
The principal frame is cast in four parts, screwed together by strong bolts ; in 
addition to which there is a horizontal bar of wrought iron adjusted and secured 
by keys. Between the principal frames are girders, resting in the lower part upon 
a flanch, shewn by the section at D, and secured by screw-bolts. The girders have 
sockets or recesses cast upon them to receive wooden joists, on which are placed 
the various descriptions of wood requisite for making the models ; so that the 
timber may be dry and well-seasoned. A large room below contains the finished 
models ; its area is the same as that of the chamber ; but in order to support the 
weight of the workmen, their benches and tools, and the heavy models they are 
making, a row of cast-iron columns is placed along the centre below the floor, with 
cast-iron girders to receive the joists. Both rooms are lofty, and when lighted 
with gas the effect is striking and animated. The lathes for turning wood are 
driven by a steam engine at the end of the building, which is warmed by steam ; 
and the glue for the workmen's use is kept melted in steam kettles. We have 
been somewhat particular in describing this model-room, which is perhaps not 
surpassed by any hitherto built for convenience and practical adaptation to that 
branch of mechanical engineering. 

Plate LII. shews the roof over the Smithery at Butterley. This is a lofty 
building of its kind, in which the wrought-iron parts of steam engines are fashioned 
ready for the lathe, the planing machine, or the file. It is 40 feet in width and 
150 in length, containing two rows of smiths' fires. The roof is light, and consists 
of wrought and cast iron ; those parts which act on the thrust being cast iron, and 
those subject to tension being of wrought iron ; a better plan than using cast or 
wrought iron alone. The principal frames are placed 15 feet apart, with two cast- 
iron side trees or purlins on each side, to which wooden rafters are spiked, holes 
being cast in the purUns for that purpose. Such a roof is less expensive than one 
composed of wrought iron only, and it is also stiffer and not so liable to spring in 
heavy gales of wind. 

The details are well given in the engraving, and we recommend this roof as 
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useful for coyering moderately large spans, as railway stations and the like, where 
it is not requisite to suspend any weight from the tie-bar. 

Plate XLIII. shews the roof over the Engine Manufactory at Butterley. 1 1 
covers that portion of the works where steam engines and the heavier descriptions 
of machinery are erected previous to their being sent to their respective destina- 
tions. The length of this building is 160 feet, and its width 44 feet. This roof 
consists of principal frames of cast iron, with a tie beam of wood : this arrange- 
ment is adopted for the purpose of attaching three powerful cranes, the upper 
pivots of the cranes being secured to a longitudinal beam of timber resting upon, 
and screwed to, the tie beams, and passing along the centre of the building from 
end to end. 

The jib of each crane describes a circle of 40 feet in diameter ; and as the blocks 
and chains traverse along the jibs they lift any object within that area. The 
cranes also, by transferring their loads to each other, pass them to any part of the 
building. The upper pivot of the crane rests in a cast-iron step or box fixed to the 
longitudinal beam, and having arms cast upon it, from which radiate four diagonal 
braces of timber passing over the first tie beams to the extremity of the next, and 
screwed to both ; so that each crane is secured to four of the principal frames, and 
virtually to the side walls of the building, as there are strong bolts passing through 
the ends of the tie beams down the centre of the side walls to cast-iron plates in 
the foundation ; the whole arrangement forming a good example of its kind. 

Plates XTiTV. XLV. XLVI. and XLVII. are intended to illustrate the con- 
struction of the roof of Eang's College Chapel, Cambridge. 

The whole roof of the chapel is divided by principal transverse ribs, springing 
from the opposite piers, into 12 oblong severies, each consisting of a vault formed 
of the four quadrants of an inverted concave parabolic conoid. Each quadrant is 
divided by vertical ribs, springing from a vaulting pillar on each side of the 
principal rib, into six compartments ; of which the two between the diagonal rib 
and the principal rib are contained within smaller angles than the four others, the 
proportion of the oblong not admitting of their being equally divided. The prin- 
cipal rib receives the adjoining rib on each side in a rebate. Each compartment 
is subdivided by a smaller rib springing from the head of the lower tier of panels. 
The opposite diverging ribs meet at the junction of the four quadrants, where the 
longitudinal and transverse lines of intersection form ridges rising towards the 
centre of the vault, as the lines E F, PL XLV., and A B, PI. XLVI. Each 
ridge consists of a continued series of key stones, one to each pair of ribs in the line 

ss 
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K L, PL XLIY., and two to each pair of ribs, joined over the centre of the rib, 
and the centre of the panel head, in the line O M, PL XLIV .* And where they 
meet the four upper stones of the diagonal ribs round the centre of the severy, 
the eight pieces together form a circle, as in the upper part of a dome. This 
circle contains the central key,! which consists of two semicircular pieces and 
a square piece in the centre, where the lewis, or whatever other machine was used 
for the purpose of lowering the key into its place^ is supposed to have been 
inserted. 

Each quadrant is also horizontally divided by three large and one smaller cir- 
cular rib : the upper one meeting the longitudinal ridge at the vertex of the prm- 
dpal rib, and, with the opposite ones, forming a sort of '* ridge lozenge." These 
horizontal ribs are concentric, and being only separated from those in the adjoining 

* As the peculiar formation of these stones cannot be well expressed in the general plan and section, the 
subjoined wood-cut A' is given in further illustration of this part of the structure. 




The back of the longitudinal ridge is on a level the whole length of the chapel. In the transverse ridge 
{Plate XLVni., Section A.), the stones are level within the dotted lines, and bevel off on each side. 

t " Cenirdl hey," This term is here used in preference to principal Tcey; as it may be doubted whether it 
is so essential a point in the construction as the key-stones of the ribs, which are indispensable. Consider- 
ing the equilibrium produced m every part of the vault by the opposing forces, and how nearly the sum- 
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severies by the principal ribs, appear to form so many connecting lines through 
the whole roof, as shewn in the following wood-cut {£:). They are more substiuitial 



mering of the lines, 1 2, 2 3, 4 6, and 6 6, ((7) ^proachest< 
that it would stand securely if the drcle were left open. 



that of a dome, it might jastatj an opinion 



tn~Ta 




Uj. Ware (Tracts on Vaults and Bridges) says, speaking of Pendents, and after qootbg this key-stone 
of King's College Chiq>el amongst other examples, " These pendents serre to illustrate the mechanical 
property in dome vaulting ; namely, that the eye may be of extraordinaiy pnity, or wholly omitted." 
882 
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than the vertical ribs,* being cut out of the same pieces of stone with the panel- 
heads, and rising in the form of a step above the back of the vaults. 

It has already been noticed that the vault is formed of the four quadrants (or 
rather of oblong portions of them) of an inverted concave conoid. In order to 
place this in the clearest point of view, i>', fig. 1, is supposed to represent a figure 
of this form in perspective standing on its base, the base being prevented from 
spreading. The dark lines shew the conoid partly constructed, and the dotted 
lines the whole figure in a complete state ; the joints like those of the vaulting of 
the chapel, but only half the number, to avoid a confusion of lines. 




It Will be seen that the vertical joints of the voussoirs at c (corresponding with 
one of the horizontal circular ribs of the vault) diverge from a vertical line, a d, 
through the centre, and therefore the entire horizontal circle would stand securely 
on the principle of a dome, and the same with the circles d e ; and the contrary 
summering of the vertical concave linCj/^r hijky &c. (corresponding with one 
of the vertical ribs) would resist a force from within the conoid in the direction 
b c. The opposite summerings are described in fig. 2. 

If the conoid in a complete state were inverted and placed on its apex, the base 
being still prevented from spreading, it would stand on the same principle ; each 
vertical line of stones being a portion of an arch strengthened by the resistance of 
the horizontal circular courses. 

It has now been shewn that, by the summering of the joints, the conoid would 
stand firmly, without any additional aid, either on its base or in an inverse posi- 
tion, following up these observations as far as they are applicable to the subject, 



* Some of the terms here used may be traced to the Eev. W. Whewell's expressive nomenclature, in the 
" Architectural Notes on German Churches." 
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it will be seen that one half of the conoid would stand against a sufficient abut- 
ment, d, (JS) ; and if the wall (6 c) on each side of the abutment be carried a little 
wav over the semi-conoid, in order to gire it additional fiminess, it will be found 
to coincide with the construction of the vemlt, above which the face of the wall 
rests on the bade of the wall-rib* overhanging the lower wall line about 6 inches 
(see Plates XLIV. and SLV.) ; and the curb at d, fig. 2, corresponds with the 
vaulting pillar. 



The portion of the conoid forming a quarter of one severy of the roof, is con- 
tained within the oblong d efg, fig. 1 (E") ; and four similar portions placed 
together, supported by the principal ribs d e, and supporting each other at their 

• Maiden UfB (Accoost ofKing'a Collc^Chapel, 1769), on theauthority of" a gentleman who has made 
tlie Btructure of many ancient Q-othic buildinge, and particularly that of £ing's College Chi^l, his favourite 
study," " Thia roof is bo constructed that it has no dependance on the walls between huttreea amd buttress 
on either side, or between tower and tower at either end of the cb&pel ; the whole weight of the roof being 
so Bupported by the buttreaaea and towers, that if the above-mentioned walls should be entirely taken away, 
the buttreaaee and towera alone renmning, the roof would atiQ continite aa firm as it is at this hour." There 
ean be veryUttle doubt that it would stand, but the point in the confitructioii noticed in the text (which is 
very commonly met with in Oothic bvuldinge of all ages) makes it very doubtful whether, in the opinion of 
the architect, it would be equally aecore. 

" The real author of this work [Ualden's] was Dr. James, one of the Fellows and Master of Bugby 
SchooL" (Upcott's Bihlic^raphical Accoimt of Works relating to Topography.) It appears, by an appeal to 
the public in the preface, that it was done as a means of reheving Maiden, who was Chapel Clerk of £ing's 
College, and in distressed circumstances. 
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intersections gftfe, will stand (being duly sustained on every side) on the same 
principle as the entire conoid, and together they form the general plan of one 
severy ; but it will now be found that the ribs are of unequal length, and that in 
the inverted position of the figure the haunches have a much greater weight to 
sustain. It is true that the latter is counteracted by the spandrils being filled 
with rubble and mortar to the height of 16 feet above the springing-line, or a little 
above the haunch ; but this was probably done rather for the sake of additional 
security than as an essential part of the work. The architect no doubt designed 
the construction upon the most perfect principle independently of any extraneous 
aid. It would then appear that the horizontal concentric ribs are not introduced 
for ornament only, as forming the panel-heads of the vault, but are also intended 
to equalize the bearing of the vertical ribs. The lower one is upon the weakest 
part of the haunch, and is calculated, by its circular form, to resist the lateral 
pressure from the vertex. The next is so near to it, that the two act in unity. 
The next in succession divides the bearing of the vertical ribs, and strengthens 
them. 



If one of the ribs, instead of being a component part of a vaulted roof, formed 
one side of an insulated arch (tmless of such a form that the lines of pressure and 
resistance would pass through it from the vertex to the base) weights might be 
supposed to be placed on the points abc (F), which in the vault are intersected 
by tiie horizontal ribs ; and in order to produce an equilibrium^ the greatest weight 
would be required on the lowest point, and diminishing over each successive point 
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to the vertex, where a greater weight, or a position of the materials equivalent to 
it, would be required. But in a vaulted roof of this form, where a horizontal 
resistance can be obtained, no additional weight is necessary, because the plane of 
the horizontal rib and the line of pressure form an angle a, below a line b c (&) 




drawn from the chord of the quadrant to the vertex ; therefore the thurst cannot 
possibly throw the haunch up ; and as the horizontal resistance at each successive 
point (rising towards the vertex) consists of a segment of a larger drde, it would 
be proportionably weaker, if it consisted of stones of the same substance as the 
smaller circle ; they are therefore found to increase in size from the haunch 
upwards, BiB ab c (J*). The upper one (d) is within the longitudinal line of key- 
stones. The horizontal ribs serve also as a counterpoise to the ridges and to each 
other, and by these several operations produce a general equilibrium. The thrust 
of the circular ribs, in the direction of the transverse ridge towards the wall 
over the windows, is discharged to the buttresses by the opposing ribs 1 1, 2 2, 3 3, 
&c. ^. 

The lower part of the verticle ribs e (F^) is solid to the height of several feet 
above the spring — ^how high cannot be ascertained, the spandrils being filled up ; 
but probably nearly as high as the level of the passage along the wall, though it is 
not represented so high in the plate (XLV.) Therrfore the lines of pressure and 
resistance will not be from the spring, but from the part where the ribs unite, that 
being the real abutment of the vault ; but even from this level the ribs are not 
of sufficient substance for the lines to pass through them in one length to the 
vertex ; and consequently they require the assistance of the horizontal ribs. 
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Tliis part of the structure shews the wide difference, and in some points even 
opposite effect, between the actual and apparent, or rather '* mechanical and 
decorative construction," as they are aptly termed by the author of " Remarks on 
the Architecture of the Middle Ages," in his excellent observations on this subject. 

In the mechanical construction the springing of the vault, from the top of the 
vaulting pillar to the point at which the ribs become divided, is, in fact, though 
unseen, a very substantial corbel, built into the wall and forming a firm abutment 
to the superstructure ; which portion of the work, in ruins of Gothic buildings, 
may be observed to remain with the wall rib, or the stones of the groin inmiediately 
attached to the wall, after every other part of the vault has fallen in. 

In the decorative construction each quadrant of the vault rises from an 
extremely slender vaulting pillar; the ribs, formed of the lightest mouldings, 
appear to be tied together by bands of the same light character, dividing the vault 
into tiers of cinquefoil-headed panels, crowned with a delicate leaf ornament, 
which entirely conceal the substantial mechanical construction on an opposite 
principle, as displayed on the extrados ; the ridges appear to be of the same slender 
form as the ribs, and the whole structure to be held together by the central key- 
stone. 

These appearances, for the most part so different from the fact, though exactly 
agreeing with all the leading lines of the mechanical construction, are well 
calculated, in a vault of this magnitude, to create feelings of astonishment in the 
minds of general observers wholly imacquainted with its mechanism. 

The panels* are laid in rebates at the back of the ribs. Above the rubble, the 
inner face of the wall is of brick ; but the passage behind it is of stone. Except 

* It is remarkable that the panels are foimd to vary from two to six inches in thickness. In Maiden's 
accoimt of King's College Chapel, they are described as not more than two inches thick. The late Mr. 
Wilkins, measuring them in two or three places, found them from four to six inches; and the measurement 
taken for these plates gave four and a-half inches. And all this difference must occur in the three upper 
tiers of panels, within the space of about eleven feet (in a line crossing the tiers), the lower panels being 
covered with rubble, and of course could not be measured, and yet the back of the panels throughout is even 
with the back of the ribs, and all the work on the extrados of the vault appears of uniform curvature. This 
makes it very difficult to trace the cause of the difference ; but it may possibly arise from a little departure 
from the true waving form of the transverse ridge rib, which to the eye scarcely appears to be so much 
curved as the line geometrically produced by the section of the conoid. The architect may have thought 
the waving of the line too considerable for good effect, and endeavoured to diminish it ; if so, it would neces- 
sarily produce an irregularity m the curvature of the vertical ribs, as they must meet the ridge rib ; and this 
unequal curvature might exist to a sufficient extent, if the curvature of the back of the ribs remained unal- 
tered, to cause the inequality in the thickness of the panels without any perceptible effect in a roof of 40 
feet span, especially as the ribs that would be most itfected by this circumstance could scarcelybe seen in profile 
from any point of view. 
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the brickwork here mentioned, the whole of the roof and pinnacles are of Weldon 
stone ; the ribs and panels being of the same material. 

The great pinnacles over the buttresses in this and most other Gothic churches 
are opposed to the hypothesis, that the architects of the Middle ages adopted the 
catenarian principle. Had they done so, they would have taken care to carry their 
work through without disturbing the properties of the catenary supposed to be 
contained within the thickness of the walls and vault ; but, on the contrary, they 
placed a ponderous timber roof, frequently without sufficient tie, immediately over 
it, requiring lofty and massive pinnacles to resist its thrust.* Thus, if they began 
upon the principle of the catenary, they were obliged to apply a very different 
principle before they finished their work, to prevent the failure of the first, which 
is totally at variance with the great skill displayed in the execution of their bold 
designs. As the catenary may be more or less elongated, a catenarian arch may 
be described through the section of almost any building ; but in every instance a 
straight line may also be drawn in the aame direction from the base of the buttress 
to the vault, in an angle calculated to resist the lateral thrust : this might as 
reasonably be supposed the line of resistance as the catenarian curve, and would 
coincide with the principle observable in the flying buttresses, which consist of a 
straight line supported on a curve which is usually a segment of a circle ; and 
whenever a double range of flying buttresses is met with, as over the south aisle 
and cloisters of Westminster Abbey, the second is always continued in the same 
direct line with the first.t Even in the compound form of that of Henry VII.'s 
chapel, the straight line is not omitted. Had the catenaria been their great 
principle of construction, it would be apparent in the aisles, the arches, and every 
other important part of the edifice, and not merely confined to the buttresses and 
principal vaulting : but it would be difficult to describe a catenarian arch passing 
through some of their lofty arches supported on slender columns, without carrying 
the foot of the catenary outside of the base ; in the Lady Chapel of Salisbury 
Cathedral, for instance : and it would be wholly impossible to apply it to many 
Tudor arches : for if any portion of the line passes above or below the thickness of 
the vault, it is evident that a link of the catenary is broken in that part, and 

* The pinnacles are certainly not required for this purpose in moit cases, the timher roofing being 
usually so tied as to repose on the walls with a downward pressure only. 

t The contrary is asserted with regard to Westminster Abbey, by Ware in his learned "Tract on 
Vaults," and Bartholomew in his excellent treatise on Practical Architecture, where he gives a section of 
this south side of the nave, with the flying buttresses over the cloister considerably steeper (as they evidently 
should be) than those over the aisle. They were all, however, restored by Sir Christopher Wren, and 
certainly all the foreign examples of this arrangement we have seen (and this is the only English one) have 
the two in one straight line. 
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therefore it can no longer be supposed to exist ; which, if it ever did, the thickened 
spandrils, pinnades, and other weights, that are always put upon the supposed 
arch, would completely destroy the equUihrium. It is more probable that these 
weights were expressly used for the purpose of giving stability to the structure ;• 
and the old architects calculated, and, experience shews, calculated correctly, on 
the balance being established between the lateral and vertical thrusts and resist- 
ances, of which their whole structure consists, as illustrated in the foUowing 
woodcut of Westminster Abbey. The dotted lines through the buttresses and 
pinnacle represent some of the principal lines of resistance. 



The timber roof is built entirely of chesnut, and is framed with a truss over 
each pier, and one over each window. The truss over the pier rests on a stone 
projection in the spandril of the vault, built out from the wall, which would other- 
wise be weak at this point, being against the passage. Against this projection is 
placed a post, supporting the principal rafter above, and cut with a projecting curb 
towards the lower part, to receive a curved bracket, the back of which, at the 
lower end, is tongued into the post, and at the upper end into the principal rafter, 
and fastened with wooden pins, as are all the joints throughout. Between this 

* Existing documents relating to the coostruotion of the chapel, afford strong collateral e^denee of 
this; vie. The contract for erecting the jHtMuic^es is dated Jan. i, 1513, and the mason is bound to finish 
them befbre the feast if the AtmuTwiation nert enauing. The contract for erecting the vault is dated 
Feh. S, 1513, to be iinished in 3 ^ears. Here it is seen that the pinnacles were first considered, and that 
ample time was allowed for all of them to be completed, at least before the centering of any of the sevwies 
of the roof was struok. 
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bracket and the collar-beam (which is cut in a bent form) is another piece, also 
curred. This piece is secured to the principal rafter and to the collar-beam (which 
is cut with an abutment to receive it) by a key inserted into the three (as expressed 
by the dotted lines in the section, PUUe XLV.) ; and this piece, the bracket, and 
the collar-beam, together form an arch. An inter-tie, resting on the waU, is fixed 
to the back of the post, and receives the foot of the principal rafter. Between the 
trusses, and tongued into the inter*ties, are double wall-plates : the inner one 
supports the foot of the principal rafter of the truss over the window, and the 
outer one receives the common rafters. Between the principal rafters, and 
tongued into them, and rabbeted on to the back of the purlins, are boards cut in 
the form of arches. 

The truss over the window has no inter-tie, and the post stands against the 
wall, instead of against a projecting pier. In all other respects it is framed in the 
same manner as the other truss ; but the collar-beam is rather lower. (See Plate 
XLV.) 

Under the foot of the common rafters, on each side of the tenon, and stretching 
partly over the inner wall-plate, is a small piece of wood (ttt Plates XLIV. XLV. 
XLVI.) raising the foot of the rafter about 1^ in. above the wall-plate, the intention 
of which could not be ascertained, as its inclosed situation precluded the possibility 
of examining it. There has recently been a block fixed on to the inner wall-plate 
behind the foot of each common rafter, which is omitted in the engravings. In 
the Section {Plate XLV.) some iron straps are shewn; but they are only 
partial, and should also have been omitted, being no part of the original work, in 
which no iron or nails were used. The timbers are very heavy, as may be seen by 
the dimensions figured in the plates ; but by means of the posts and brackets the 
pressure is thrown as low down the wall as the stone roof will allow. 

DESCRIPTION OP THE PLATES. 

PUae XLIV. — ^A. Plan of the fan tracery of one quadrant. B. The Extrados. 
C. The wall above the vaulting, shewing the wall-plates, &c. D. A portion of the 
timber roof complete. E. Plan of the parapet. E. Half plan of one of the windows. 
G. Passage in the wall over the windows. H. Doorway and steps communicating 
with the upper part of the stone roof. (There is a corresponding communication 
with the passage on the south side, and the same is repeated at each severy). 
II. The corresponding panel in each severy is joined in a similar manner to these, 
supposed to have been left open for the purpose of communication during the 
progress of the work. J J. Upper part of the buttresses. 

T T 2 
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Plate XLV. — ^A. Section through the transverse ridge, and iruss over the 
window, at the line K, L, Plate XLIV. B. Section through the principal rih, and 
truss over the pier, at M, N, Plate XLIV. C. Form of the wall-rib over the side 
windows, D. Section of the passage, with one of the door- ways and steps leading 
to the upper part of the stone roof. 

Plate XLVI. — Longitudinal Section : one half through the ridge, and the other 
half close to the wall, shewing the front of the projecting pier in the spandril of 
the vaulting which supports one of the trusses of the timber roof; and the doorway 
leading to the passage. The situation of the window-head is here indicated for 
the purpose of shewing, with the plan and section {Plates XLIV. XLV.), the 
form of the wall and parapet, and their connection with the buttresses. 

Plate XLVIl. — General section through the buttresses, shewing also the vestries 
or chantries built between the buttresses, the walls, and the parapet. The only com- 
munication between the chantries on each side of the choir, is by a small doorway 
through each buttress ; and similar openings above form a passage along the roof 
of the aisles. 



Plate XLVIIL — Great Northern Railway, London Terminus, Fas^nger 
Station, by Lewis Cubitt, architect, shewing, by transverse section through the 
terminus, the roofs of the departure and arrivals stations, with administration 
offices and cab*stand, with scale and dimensions. 

Plate XLIX. — Ditto, ditto. Portion of the division waU between roofs, 
shewing position of ribs, section through rib at centre purlin, section through 
purlin, with scale and dimensions. 

Plate L. — ^Ditto, ditto. Transverse section through half of goods dep6t — 
down-side, shewing west warehouse, with platform and stables under ; the other 
half of goods depdt is used for goods arriving, and is similar to this : with scale 
and dimensions. 

Plate LI. — Iron roof, by Bichard Turner, civil engineer, of Dublin ; made for 
the Clyde trustees for the quay at Glasgow : roof 700 feet long, 70 feet span, 
transverse sections and details, with dimensions. 

Plate LII. — Iron roof with details, erected by Eichard Turner, civil engineer, 
for Messrs. Joseph Whitworth of Manchester, with dimensions. 

Plate LIII.— Iron roof, with details, erected by Eichard Turner, C.E., at the 
Galway terminus, Irish Great Western Eailway, with dimensions. 
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INDEX. 



A. 



ABELE described, 270. 

experiments on the stifiness of, 49. 

experiments on the strength of, 59. 

AbatmentSy carved, for joints, 181. 

— for bridges, 151. 
Acacia described, 261. 

experiments on the stiffness of, 49. 

' experiments on the strength of, 59. 
Acer (see Sycamore) 254. 
African teak, 267. 
Age of trees, 196. 
Air, circulation of» when of use in stopping the 

dry rot,. 222. 
Alder described, 252. 

felled in summer durable, 198. 

experiments on the stifihess of, 49. 

experiments on the strength of, 59. 

Alkalies, effect of, on timber, 229. 
Angle of repose, 124. 
Annual rings in timber, 193. 
Ants, white, destroy timber, 232. 
Arches, often improperly applied, 219. 
construction of timber, 169. 

— span of timber, limits of, 152. 
Arch-stones, pressure of, on centres, 124. 
Ascent of bridges and roads, 152, 

Ash described, 258. 

experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

Aspen, 270. 



B. 



Bamberg, Bridge of, 141. 

Barlow's experiments on detrusion, 62. 

Bam floor, description of dry rot in, 217. 

Basalt, specific gravity of, 800. 

Basilica of St. Paul's, roof of, 113. 

Beams, equilibrium of an assemblage of, 26. 

pressure of inclined, 19. 

stress upon horizontal, 22. 

resistance of, to tension, 38. 

of the stiffness of, supported at both ends, 43. 

strongest form of, 44. 

— stiffest from a round tree, 45. 

experiments on the stiffiiess of, 45. 

practical rules for the stiffhess of, 51. 

on the strength of, 67. 

— '" experiments on the strength of, 58. 

strongest from a round tree, 58. 

resistance to compression, 66. 

tie, rules for dimensions of, 107. 

Beech described, 251. 

experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

■ felled in summer least subject to worms, 198. 

Betula (see Alder), 252. 

Bevan's experiments, 41* 

Binding-joists, rules for the strength of, 88. 

joints for, 178. 

table of scantlings for, 262. 

- to carry ceilings, table for, 293. 
Birch, experiments on the stiffhess of, 49. 
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Birch, experiments on the strength of, 59. 
Boiling timber, remarks on, 203. 

■ in alkaline solutions, remarks on, 229. 
Bolting on straps, 108. 
Bolts, sometimes used instead of straps, 189. 
Bond, often improperly used, 219. 
— dangerous consequences of its decay, 219. 
Brass, specific gravity of, 276. 
Braces, rules for strength of, for roofs, 110. 

joints proper for, 183. 

for partitions, how most effectually applied, 

119. 
Brenta, bridge over the, 139. 
Brick, specific gravity of, 276. 
Brickwork, weight of a cubic foot of, 276. 

damp, a cause of dry rot, 219. 

Bridge, curve of equilibrium for, 30. 

of centres for, 123. 

of wooden, 138. 

of Sublicius, 1 38. 

of Csesar, 138. 

of Trajan, 138. 

of the middle ages, 138. 

ofPaUadio, 139. 

across Portsmouth river in North America) 

140. 

of Schaffhausen, 141. 

of Freysingen, 142. 

of Bamberg, 144. 

ofEttringen, 144. 

of Mr. Bum, notice of, 144. 

table of the principal dimensions of Mr. 

Wiebeking*s, 145. 

table of principal wooden, in Europe, 146. 

of the design of, 147. 

of the width of, 148. 

of the waterway for, 148. 

of the span of, 152. 

of the ascent of, 152. 

of the rise of, 152, 167. 

of the abutments of, 155. 

of the piers of, 156. 

of the construction of the arches for frames 

of, 159. 
of the settlement of, 167* 



Bridge, of the roadway and parapets of, 168. 

of the scantlings of timber for, 169. 

Binding-joists, of, 88. 

table of scantlings for, 279. 

Building beams, 176. 

strictures on a bad method of, 219. 

on timber, dangerous consequences of, 219. 

Butterley, various roofs at, 287, 288. 



C. 



Caesar's bridge across the Rhine, 138. 
Cambering beams, remarks on, 107. 
Carpenter's boast, 183. 
Carpentry defined, 1. 
Carvings, durability of, 235. 
Cast iron, cohesive force of, 42. 

shoes, 184. 

— ^ tie-beam plate, 187, 
Cedar of Libanus described, 271. 

experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

Cedar, red, described, 271. 

Ceiling joists, rules for, 89. 

■ table of scantlings for, 280. 

Ceilings, precautions required to form good, 1 32 . 

Cement, specific gravity of, 

secures waUs from damp, 221. 

Centre of gravity, how to find the, 17. 
Centres for bridges, 123. 

pressure of the arch- stone on, 124. 

on designing, 128. 

of Conon Bridge, 128. 

of Coldstream Bridge, 129. 

of Neuilly Bridge, 129. 

of Waterloo Bridge, 130. 

designs for, 130. 

on construction of, 131. 

on removing, 132. 

on computing the strength of, 133. 

Chalk, specific gravity of, 276. 

Changes of form in framing dangerous, 6. 

Charcoal, quantity of, in difilerent woods, 238. 

not a satisiiEu;tory criterion of durability, 238. 

Charring wood, on, 204, 231. 
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Cherry tree, ezperimenta on tlie stifihess of, 49. 
Cbesiiat described, 255. 

experiments on, 257. 

experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

Christiana deal, 297. 

Christ's Hospital, roof of the hall of, 284. 

Church roof, 102. 

Classification of woods, on the, 240. 

table of, 241. 

Clay, specific weight of, 276. 
Coal tar, effect of, in dry rot, &c., 230. 
Cocking a tie-beam on the wall-plate, 107. 
Cohesive force of woods, 41, 230. 

^— of iron, 42. 

defined, 242. 

Coldstream Bridge, centre of, 129. 
Collar beam, joint for, 183. 
Columns, on the resistance of, 63. 

bent, 64. 

strongest form of, 65, 

practical rules for strength of, 71. 
Composition of forces, on the, 3. 
Compression, on the resistance to, 63. 

experiments on, 66. 

experiments on,perpendicular to the fibres, 7 7. 

Conon Bridge, centre of, 128, 

Construction of floors, 80. 
of roofs, 93. 

of domes, 116. 

of partitions, 119. 

of centres, 131. 

of bridges, 138. 

of scarfs and joints, 172. 

of timber arches for bridges, 159. 

Copper, weight of covering of, 96. 

used to prevent damp, 221. 

Copperas, effect of, in preventing decay, 243. 

Corrosive sublimate a remedy against rot, 229. 

Couples. See Principal Rafters. 

Cowrie, 260. 

Cranes, on the construction of, 10. 

Crown posts. See King posts. 

Croydon railway, roof over, 289. 

Crushing, on the resistance to, 74. 



Crushing, exp^iments on, 74, 247, 268. 
Cubic parabola, method of describing, 30. 
Cupola, curve of equilibrium for, 33. 

on the construction of, 116. 

Curb roofs, remarks on, 94. 
Curb, fEulure of a timber, 219. 
Curved ribs, roof with, 98* 

tables of scantlings for 267, 268. 

strength of, 72. 

radius of curvature of, 154. 

depth of beams for, 164. 

Curve of equilibrium, on the, 30. 

for domes, 33. 

Cylinders, rules for stiffness of, 53. 

for strength of, 60. 

hollow, strength of, 58. 



D. 



Damp walls, to prevent, 221. 

a cause of decay, 219. 

Deal, red (see fir), 272. 

white (see fir), 278. 

Decay of timber, on the, 213. 

from continued dryness, 213. 

from continued wetness, 213. 

from alternate dryness and moistttre,214. 

■ from moisture with heat, 214. 

' internal, 215. 

progress of, 215. 

prevented by wetness, 218. 

■ stoves sometimes a cause of, 218. 

of the prevention of, 221. 

Decomposition of timber, 214. 

Deflexion, quantity allowed for, in the rules, 50. 

Designing, framing, &c. on, 34. 

Detrusion, on, 61. 

experiments on, 62. 

Direction of pressures, how determined, 3. 
Dock roof, remarks on, 28. 
Dome, curve of equilibrium for, 33. 

■ on the construction of, 116. 

scantlings for, 117. 

feulure of a, 219. 

Dovetail joints, on, 172, 183. 
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Drains, precautions respecting^ 221. 
Dry, in seasoning, defined, 209. 
Dry rot, on, 216. 

on repairing buildings afiected with, 229. 

Drying buildings, on the good effects of, 221 . 
Dohamel's experiments on the stifihess of oak 

beams, 46. 
Durability of wood in salt mines, 223. 
— "— — examples of, 234. 

in piles, 235. 

buried in the ground, 235. 



— of framed timbers, 236. 

— of old timber, causes of, 236. 

— of woods exposed to the weather, experi- 
ments on, 238. 

of different kinds of wood, 237. 



Dutch method of preserving timber, 230. 

E. 

Earth, a cause of damp, 221. 

specific weight of, 275. 

Elasticity of timber, on the, 242. 

on the modulus of, 242. 

Ellipse, to describe on a large scale, 20. 
Elm, kmds of, described, 260. 

experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

Equilibrium of an assemblage of beams, 26. 

curve of, 30. 

for domes, 33. 

Ettringen Bridge, 144. 

Experiments on the cohesive force of woods, 41 . 

• on the lateral cohesion, 42. 

on the stiffness of beams, 45. 

on the strength of beams, 58. 

on the compression of beams, 66. 

remarks on making, 68. 

on the resistance to crushing, 74. 

on resistance to compression at joints, 77. 

on the strength of floors, 81. 



F. 



Fagus. See Beech, and Chesnut. 



Fall of water under a bridge, to determine, 150. 

Felling timber, on, 197. 

when trees are of a proper age for, 197. 

on the proper season of the year for, 198. 

Fir, red or yellow, described, 272. 

Fir, white or spruce, described, 275. 

experiments on thejBtifiness of, 48. 

experiments on the strength of, 59. 

experiments on the resistance of, to com- 
pression, 75, 76. 

Fishing a beam, 173. 

Flexure, the resistance to, of most importance, 36* 

Floating timber in docks and rivers a cause of 
decay, 218. 

Flooring, naked, described, 80. 

■ single joisted, on, 80, 81. 

double, on, 80. 

framed, on, 80, 83. 

framed, on experiments on the 

strength of, 81. 

Floors, general remarks on, 90. 

Serlio's, of short timbers, 91 . 

curious one at Amsterdam, 91, 

ground, most subject to decay, 218. 

ground, means of securing firom dry rot, 222. 

Florence Cathedral, roof of, 284. 

Academy of Fine Arts, roof of, 283. 

Fluids, pressure of, 23. 

Forces, experiments to shew the action of, 4. 

their effects, how to measure, 4. 

composition and resolution of, 3, 14. 

parallelogram of, 14. 

polygon of, 15. 

Fracture, on the points of,in a system of framing,27. 
Framing floors, on, 80, 83. 
Framing, to measure the strains in, 7. 

to distinguish ties from struts in, 12. 

points of fracture in a system of, 27. 

curve of equilibriam in a system of, 30. 

on designing, 34. 

on the strength of joints for, 77. 

for spanning a wide opening, 155. 

on the joints of, 178. 

Fraxinus (see Ash), 258. 
Freysingen Bridge described, 142. 
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Friction of stones, on, 124. 

Fongos, a product of decayed timber, 217. 

not destroyed by a slow cnrrent of air, 222. 

G. 

Gates, painting of, sometimes a cause of decay,220. 
Genoa, roof over the Exchange at, 307. 
Geometry essential to carpentryy 1. 
Girard*s experiments on the resistance of beams 

to compression, 68. 
Girders, on, with rules for dimensions of, 83. 

on reversmg and bolting, 84, 

trussed, remarks on, 84. 

Mr. Barlow's experiments on, 85, 



- on forming for long bearingSi 86« 

- remarks on laying, 90. 

- table of scantlings for, 285. 



Gothic builders particular in the choice of timber, 
245. 

roofs, on, 93, 102. 

Granites, specific gravity of, 300. 
Gravity, centre of, how to find, 17. 

specific, table of, for woods, 298. 

table of for various materials, 300. 

remarks on determining, 302. 

Green copperas a preventive of decay, 230. 

Ground joists, on scantlings of, 88. 

floors, to secure from decay, 88, 222. 

H. 

Hardness of woods, &c. on the, 242. 

Heart-wood, formation and nature of, 195. 

Heat a cause of dry rot when moisture is present, 
214« 

Honduras mahogany described, 263. 

experiments on, 49, 59. 

Horizontal thrust of a roof, &c how to mea8ure,22. 

Horse chesnut, experiments on the stiffiiess of, 49. 

Houses, strictures on the London method of build- 
ing, 219. 



I, J. 



Ice-breakers, 158« 
Jib of a crane, 10. 



Inclined beams, pressure of, 19. 

stiffness of, 43. 

Indian oak (see Teak), 265. 

Insects, to preserve timber from, 231. 

Internal decay, example of, 215. 

Joints, pressures upon, how to estimate, 116. 

strength of, 61, 72, 174. 

method of securing against decay, 143. 

on the construction of, 172. 

to resist tension, on, 173. 

to resist cross strains, on, 175. 

to resist compression, on, 177. 

of framing, on, 178. 

for ties and braces, on, 183. 

on dovetail, 172, 183. 

common, rules for, 81. 

binding, rules for, 88. 

bridging, on, 88. 

ground, on, 88. 

ceiling, on, with rules, 89. 

common, table of scantlings for, 287. 

binding,forfloors,table of scantlings for, 286. 

binding, for ceilings, table of scantlings for, 

293. 



bridging, table of scantlings for, 287; 

ceiling, table of scantlings for, 292. 

Iron, cohesive force of, 42. 

to preserve from rust, 189. 

straps, on, 187. 

sulphate of, effect of, in preventing dry rot, 

223. 

specific gravity of, 300. 

shoes, 184. 



Juglans (see Walnut), 264. 
Juniperus (see Cedar), 271. 

K. 

Kevs for scarfs, 173. 

King posts, on, with rules for, 104. 

straps for, 188. 

King's College Chapel, Cambridge, roof of, 

313—324. 
Knots, the strained side of a beam should be free 

from, 23. 
Kyan*s process for preventing decay, 224. 
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L. 

Lamande's experiments oq the reaistaaceofbeaaiB 

to compression, 66» 
Langton's method of seasoning, 205 212. 
Lantern of a dome, 116. 
Larch described, 279. 

experiments on the stiffness , 48. 

experiments on the strength of, 59. 

► American black, 276. 

red, 276. 

Layers, annual, on, 193. 
Lead covering, weight of, 96. 

sometimes put in joints, 183. 

used to prevent damp rising in walls, 221 . 

Levers, on framed, 8. 

strains in framed, the same as in a solid 

beam, 8. 
Lime, quick, a cause of decay, 214. 

preserves timber from worms, 231. 

tree, experiments on the stiffness of, 49. 



Loam, used formerly for bedding girders, &c. 219. 

Lock gates, 24. 

Locust tree (see Acacia), 261. 

London Bridge, fall of water under, 149. 

durability of the piles of, 235. 



M. 



Mahogany, kinds of, described, 263. 

experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

Maple, experiments on the stiffiiess of, 49. 

Mar Forest timber, 274. 

Mechanics, a knowledge of,essential in carpentry, 1 . 

Metals, experiments on, 47. 

Middle ages, bridges of, 138. 

Modena, Palace at, roof over the ridingho use of, 
287 

Modulus of elasticity, on the, 241. 

Moisture the chief cause of decay. 240. 

Mortar a cause of rottenness, 219. 

specific gravity of, 301 . 

Moscow, roof of Riding House at, 115. 



N. 



Nuls, how secured from rust by slaters, 191. 

Naked flooring, on, 80. 

— ^— rules for dimensions of timbers of, 81. 

■ greneral observations on, 90. 

■ ■ of hort timbers, 90. 
Neuilly Bridge, centre of, 129. 
Norway spruce, 275. 
timber, 274. 



O. 



Oak, kinds of, described, 244. 

experiments on the stiffness of, 46, 47. 

on the strength of, 59. 

on the strength of posts, 67. 

on the resistance of to compression. 



74, 76. 



on the En^sh species, 248. 



Durmast, 248. 
American species of, 248. 
properties of different kinds of, 250. 



Oblique pressures, how measured, 16. 
Odoriferous woods most durable, 237. 
Oil and tar, composition of, to presierve timber,238. 
Oil useful as a preventive of worms, 231. 
Oxycedrus (see Cedar, red), 271 

P. 

Paint, effect of, on unseasoned wood, 197, 220. 

rendered more durable by sanding, 230. 

Painted floor-cloth a cause of decay, 220. 

Palazzo Vecchio at Florence, roof over, 308. 

Palladio, bridge of, 139. 

Pantheon, roof of principal room, 305. 

Parabola, the curve of equilibrium for an uniform 

load, 30. 

' cubic, how to describe, 33. 

the curve for a dome uniformly 

loaded, 33. 

common, strongest form for a column, 65. 

how to describe, 61. . 



Parallelogram of forces, on the, 14. 
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Parapets of bridg^s^ on the, 168. 
Partitions, on the constraction of, 109* 

weight of a square of, 121. 

description of designs for, 121. 

Pear tree, experiments on the stifiness of, 49. 
Pediments, angle of, 100. 
Pencil, cedar, 283. 
Piers of bridges, on, 156. 

Mr. Telford's method of forming, 158. 

Piles and pile planks, 159. 

durability of, 235. 

Pinaster, on the, 277. 
Pine (see red fir), 272. 

experiments on the stiffness of, 47. 

on the strength of, 59. 

pitch, on the, 77. 

American, on the, 277, 

Scotch, on the, 272. 

yellow, on the, 277. 



Pins, a good method of connecting timbers, 184. 
Pipe-worm, on the, 232. 
Pitch of a roof, 94, 

effect of, in seasoned wood, 215. 

pine, on the, 277. 

Plane tree described, 253. 

experiments on the stiffness of, 49. 

on the strength of, 59. 

Pktanus, (see Plane tree), 253. 
Polygon of forces, on the, 15. 
Poona, 266. 
Poplar, kinds of, described, 270. 

experiments on the stiffiiess of, 49. 

on the strength of, 59. 

Populus (see Poplar), 270. 
Position of beams, effiectof the, 6, 9* 
Posts, stiffiiess of, 63. 

experiments on, 68. 

practical rules for scantlings of, 71. 

story, tables of scantlings for, 295. 

Practical rules for the stiffness of beams, 51. 

strength of, beams, 57. 

for columns, posts, &c, 71 . 

Preservation of straps, on the, 189. 

of timber, on the, 221. 

Pressure of beams, how to calcnlate 3. 



Pressure, direction of, how found. 4. 
Pressures in framing, how to measure, 5, 6. 
Principal rafters of a roof, on the, 108. 

joints for, 180. 

straps for, 188. 

Properties of woods, 241. 

table of, 297, 

Purlins for roofs, rules for. 111. 

table of scantlings for, 293. 

Pyrites a good material to prevent decay, 222. 

Q. 

Quassia, infusion of, used to preserve wood from 

worms, 231. 
Queen posts, rules for, 105. 

straps for, 188. 

Quercus (see Oak), 244. 

obur described, 245. 

sessilifiora, 246. 

Quicklime a cause of decay, 215. 



R. 



Radius of curvature for bridges, 154. 
Rafters, principal, rules for, 108. 

joints for, 180. 

straps for, 188. 



common, rules for, 112. 

tables of scantlings for, 294. 



Railing for bridges, on, 168. 

Red fir described, 272. 

Removing centres, on, 132. 

Rennie's experiments on the resistance to crush- 
ing, 75. 

Renton's ditto, 74, 269, 281. 

Repairs after dry rot, on, 229. 
Resilience of timber, on the, 78. 
Resistance of timber, on the, 36. 

to flexure the most important, 36. 

to tension, 38. 

to cross strains, 43. 

to compression, 63. 

of columns and posts, 63. 

to crashing, 74, 

UU2 
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Resistance of jointti 77. 

Resolution of forces, on the, 3. 

Resultant of a system of. forces, to determine, 14. 

Ribs, curved, strength of, 73. 

curved, roof with, 98. 

Riga oak, 250. 

fir, 272. 

Rings, annua], on, 193. 

Rise of Wooden Arches, 166. 

Rivers, on the firmness of the beds of, 149. 

velocitv of, 151. 

Roadway of bridges, on the, 1 68. 
Road scrapings a cause of dry rot, 219. 

Robinia (see Acacia), 261. 
Robison, Professor, his experiments on detrusion, 
61. 

Roman tiling, 114. 

Ronde]et*s experiments on crushing, 74. 

Roof, strains in a truss for, how measured, 7. 

to find the horizontal thrust of, 22. 

shed, on the pressure of, 22. 

dock, remarks on, 28. 

description of, 112. 

on the construction of, 93. 

on Gothic, 93. 

on the pitch of, 94. 

description of, for various spans, 96. 

with curved ribs, 98. 

without a tie-beam, on, 101. 

of Westminster school, 102. 

description of, at Bombay, 102. 

of Basilica of St. Paul's at Rome, 113. 

of Theatre d' Argentina at Rome, 114. 

of the Riding House at Moscow, 115. 

of the Royal Military Chapel at Woolwich, 



292. 



tables of scantlings for, 289 — 292. 
ancient and modem, 305—320. 



S. 

St. Dnnstan's Church, roof of, 310. 

Salt, effect of, in preventing dry rot, 223. 

Sand, specific gravity of, 301. 

Sanded painting more durable than common, 230. 



Sap, on the motion of, 194. 

on the nature of, 194. 

confined, a cause of dry rot, 215. 

wood, on the nature of, 194. 

proportion of, in trees, 195. 

Sawing, result of an experiment on, 243. 

Sawn timber neither so strong nor so durable as 

split, 239. 
Scantlings, various tables of, 285 — 296. 
Scarfing, on, 172. 
Schaffhausen Bridge, 141. 
Scorching timber, remarks on^ 204. 
Scotch pine, 273. 
Screws, uses of, 190. 

Sea water, effect of, in preventing decay, 223. 
Seasoned, term limited, 209. 
Seasoning timber, on, 200. 

water, on, 202. • 

Langton's method of, 205. 

timber, Dnhamel's experiments on, 205. 

Couch's experiments on, 207. 

Wiebeking^s experiments on, 208. 

Bishop Watson*s experiments on, 209. 

on the laws of, 209. 

is the best method of preserving timber,221. 

in the frame not to be recommended, 222. 



Septa of woods, on the, 240. 

Serlio's floors of short timbers, 91. 

Settlement, quantity of, allowed for in the rule8,90. 

of bridges, 167. 

unequal, effect of, 90, 120. 

Shed roofing, pressure of, 22. 

Ship worm, to prevent the ravages of, 231. 

Shoes, cast iron, 184. 

Shrinkage of timber, effect of, 172. 

Silver grain, on the, 240. 

fir, 277. 

Single joisted floors, on, 80. 

table of scantlings for, 287. 

Slates «sed to prevent damp walls, 221. 

on the specific gravity o^ 301. 

Slating, pitch for, and weight of, 96. 
Smith, Colonel,- experiments by, 269. 
Spanish chesnut (see Chesnnt), 255. 
mahogany described, 263. 
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SparB« Sae RafteiB. 

Specific grayity of woods^ table of^ 298. 

of yarious materials^ table of, 300. 

Sprace fir described^ 276. 
Spur of a crane, 1 1 • 
Stability of pomtion, 2. 

from equal resistancei 2. 

Steaming timber, on, 203* 
Stiffiieas defined, 38, 42. 

knowledge of, most important in carpentry, 

38. 

— distinguished from streng^, 38. 

— to resist tension, on, 38. 

— to resist cross strains, 42. 

— experiments on, 45. 
remarks on, 243. 

comparative, of woods, table of, 297. 

Stones, specific gravity of various, 301 , 302. 
Stone-work, weight of a cubic foot of, 302. 
Story posts, tables of scantlings for, 295, 296. 
Stoves a cause of decay, 218. 
Straining beams, on, 1 10. 
Strains in framing, how measured, 7. 
Strains on beams laid horizontally, 22. 
Straps, on, 188. 
Strength defined, 38. 

distinguished from stifiness, 38. ( 

to resist tension, 38. 

of iron, 42. 

to resist cross strains, 57. 

experiments on, 59. 

of columns, posts, &c., 71. 

of curved ribs, 72. 

of joints, 77. 

Structure of woods, on the, 240. 

Struts, how distinguished from ties, 12. 
rules for, 110. 

Stucco, an excellent preventive of damp, 221. 

Sublimate, corrosive, a wash of, for dry rot, 229. 

Sulphate of copper, used to prevent dry rot, 229. 

of iron, ditto, 229* 

Suspending pieces, on, 105, 182. 

straps for, 188. 

Sweet chesnut (see Chesnut), 255. 

Swietenia (see Mahogany), 263, 



Sycamore described, 254. 

experiments on the stifiness of, 49. 

experiments on the strength of, 59. 

T. 

Table of the classes of woods, 241. 

Tables of scantlings, &c., 283. 

Tar, efiect of, on unseasoned wood, 215. 

coal of use to preserve timber, 233. 

Teak described, 265. 

experiments on the stifiness of, 49. 

experiments on the strength of, 59. 

Tectonia (see Teak), 265. 

Templets, 90. 

Tension, on the resistance to, 38. 

Texture, dose, a cause of durability, 237. 

Thames Fkte Glass Works, roof of, 310. 

Thatch, pitch for a roof of, 96. 

Theatre d'Argentina, roof of, 114. 

in Oxford Street, roof of, 310. 

at Ancona, roof of, 308. 

Tie-beam plate, cast iron, 187. 

Tie beams, on, 107. 

remarks on putting blocks under, 107. 

remarks on cambering, 108. 

Ties, how distinguished from struts, 12. 

on the joints of, 183. 

Tiles, pitch for and weight of, 96. 

Timber, knowledge of its resisting power neces- 
sary, 36. 

Timber bridges, on, 138. 

principles of constructing, 159. 

nature of, 193. 

on felling, 197. 

on seasoning, 200. 

on the decay of, 213. 

kinds of, most subject to decay, 214. 

should not be sufiered to float in docks, 218. 

should not be used for supporting heavy 

stonework, 219. 

on the prevention and decay of, 221 . 

Kyan's process for the preservation of from 

dry rot, 224. 
to preserve when exposed to the weather,230. 
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Timber, to preserve from wonnB and iafieote, 231. 

durability of, in different states, 231. 

durability of, experiment on, 238. 

split more durable than sa¥ni, 239. 

properties of, 241. 

table of the properties of, 297. 

specific gravity of, 298. 

on the resilience of, 78, 296. 



Time required to dry and season timber, 212. 
Toughness of broods, 243. 

table of the comparative, 297. 

Trajan's Bridge, 138. 

• durability of piles of, 234, 

Trees, on felling, 197. 

old, often decayed, 216. 

rapidly grovm, soon decay, 218. 

from close forests subject to decay, 218. 

Trent Water- works, roof of, 311. 
Triangle of forces, 4. 
Trimmers described, 82. 
Trimming joists, on the scantlings of, 82. 
Truss, to measure the strains in, 7. 
Trussed girders, remarks on, 84. 
Trussing, principles of, 146. 
Tubes, on the strength of, 57. 
Turtosa, 266. 

U. V. 

Velocity of rivers, on the, 151. 
Ventilation as a prevention of decay, 221. 
Ulmns (see Elm), 260. 



W. 



Wall-plates, dimensions of, 90. 

Walls, to prevent moisture rising in, 221. 

should be allowed time for drying, 222. 

Walnut tree described, 264. 

experiments on the stiflhess of, 49. 

experiments on the strength of, 59. 

Washes, use of, in preventing dry rot, 229. 



Water, presence of, essential to the decomposition 

of wood, 214. 
Waterloo Bridge, centre of, 130. 
Water-seasoning, on, 202. 
Water-way imder bridges, on the, 146. 
Weather, to preserve wood exposed to, 230. 
Weight, effect of, 3. 

of timber in different states, 207. 

of materials, tables of, 268. 

Wet rot, 216. 

Whale oil preserves timber from worms, 233. 
White deal described, 275. 
Width of bridges, on the, 148. 
Wiebeking's table for rise of bridges, 145. 
WiUow, experiments on the stiffness of, 49. 

experiments on the strength of, 59. 

Woods, on the cohesive force of, 41. 

experiments on the stifiness of, 50. 

experiments on the strength of, 59. 

properties of, 193. 

structure of, 194. 

on the decay of, 213. 

on the preservation of, 230. 

on the preservation of from worms, 231. 

on the durability of, 234. 

experiment on the durability of, 239. 

on the structure and classification of, 240. 

table of the properties of, 297. 

of the specific gravities of, 274. 

Wooden Bridges, on, 1 38. 

on the principles of constructing, 

147. 
Woody fibre, 195, 214. 
Worms, to preserve wood from, 231. 
ship, 231. 

Y. 

Yellow fir described, 272. 

pine, 277. 

Young, Dr. Thomas, his formula for the resistance 
of columns, 69. 
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